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ABSTRACT 

The object ives o f  t he  He l i ca l  Screw Expander Evaluat ion Pro ject  were t o  
evaluate and character ize a 1-MW h e l i c a l  ro ta ry  screw expander power system f o r  
e l e c t r i c  power generation from geothermal brine. The technology explored i n  the  
t e s t i n g  i s  simple, p o t e n t i a l l y  very e f f i c i e n t ,  and i d e a l l y  su i ted t o  wellhead 
i n s t a l l a t i o n s  i n  moderate t o  high enthalpy, l iquid-dominated f i e lds .  A func- 
t i o n a l  1-Mw geothermal e l e c t r i c  power p lan t  that featured a h e l i c a l  screw 
expander was produced and then tested i n  Utah i n  1978-79 w i th  a demonstrated 
average performance of approximately 45% machine e f f i c i ency  over a wide range o f  
t e s t  condi t ions i n  noncondensing operat ion on two-phase geothermal f l u ids .  The 
Project  a lso produced a computer-equipped data system, an instrumentation and 
control  van, and a 1000-kW var iab le  load bank, a l l  in tegrated i n t o  a t e s t  array 
designed f o r  operation a t  a var ie ty  of remote t e s t  s i tes.  

The t e s t  data are known t o  be v a l i d  but they character ize an expander having 
la rge  i n te rna l  clearances or leakage passages past the ro to rs  which, contrary t o  
plan, d i d  not close w i th  scale deposits dur ing the test ing.  Analysis of the data 
showed t h a t  the expander e f f i c i ency  i s  a strong funct ion of  load, a weak funct ion 
o f  i n l e t  steam q u a l i t y  and o f  pressure r a t i o  across the expander, and independent 
o f  t h r o t t l e  posi t ion.  
Test condi t ions included i n l e t  pressure ranging from 84 t o  258 psia, i n l e t  steam 
q u a l i t y  of  0 t o  99%, l i n e a r  t h r o t t l e  pos i t i on  from 7 t o  100% open, output shaf t  
load o f  0 t o  1059 kW, with output shaft o r  male r o t o r  speed o f  3000 rpm. The 
exhaust pressure was atmospheric a t  about 12 ps ia  except f o r  a few tes ts  
performed a t  exhaust pressures o f  27 t o  30 psia. 

The e f f i c i ency  i s  f a i r l y  f l a t  above one-quarter load. 

Addi t ional  t e s t i n g  was performed i n  Mexico i n  1980 under a cooperative t e s t  
program using the same t e s t  array, and machine e f f i c i ency  was measured a t  62% 
maximum w i th  the ro to rs  p a r t i a l l y  coated w i th  scale, compared w i th  approximately 
54% maximum i n  Utah w i th  uncoated rotors, conf i rming the importance o f  scale 
deposits w i th in  the machine on performance. 

Data are presented i n  t h i s  repor t  for  the  Utah t e s t i n g  and f o r  the noncon- 
densing phases of the tes t i ng  i n  Mexico. Test t ime loggea was 437 hours dur ing 
the Utah tes ts  and 1101 hours dur ing the Mexico tests .  
f o r  the h e l i c a l  screw expander must a w a i t  the t e s t i n g  o f  t h i s  or another machine 
w i th  the i n te rna l  clearances subs tan t ia l l y  reduced. 

Ul t imate performance data 
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SECTION I 

INTRODUCTIG-i AMU SUMMARY 

A . I NTRGDUCT I ON 

This document i s  the F ina l  Report of a p ro jec t  sponsored by the United 
States Government t o  evaluate and character ize a 1-MW h e l i c a l  r o t a r y  screw 
expander power system for electrtca: po'n'er generntis:: fisc geothermt! br?ne 
(Figure 1-1). This repor t  was prepared : id submitted by t h e  J e t  Propulsion 
Laboratory (JPL) i n  compl i ance with the - dteragency Agreement No. DF-AIOI -  
76ET28329, amended, ( former ly  Interagency Agreement No. EX-76-1-01-1000) between 
t h e  United States Department o f  Energy (DUE) and the National Aeronautics and 
Space Administrat ion (NASA) as implemented by JPL under NASA Task Order RD-176, 
FAS7- 100. 

P r i o r  t o  t h i s  Project ,  the h e l i c a l  screw expander (HSE) power system had 
undergone development by Hydrothermal Power Co., Ltd. (HPC) and Roger S. Sprankle 
(Spronkle) who conceived the idea o f  adapting a Lysholm-type machine t o  wellhead 
serv ice on two-phase f l u i d s  as a means of e x p l o i t i n g  l iquid-dominated geothemal 
energy resources. The development work was d0r.e w i th  a 50-kW prototype system; 
the prototype power p lan t  i s  shown i n  Figure 1-2. The main purpose o f  t h i s  
P ro jec t  was t o  obta in  c red ib le  data t o  enable i n d u s t r j  t o  make i t s  own determina- 
t i o n  as t o  the commercial s u i t a b i l i t y  o f  t he  HSE power system f o r  geothermal 
u t i l i z a t i o n  I n  the machine's present s t a t e  of development. 
system used i f ,  the evaluat ion was procured from HPC, and HPC operated the power 
system under contract  t o  JPL dur ing the evaluat ion t e s t i n g  i n  1978 and 1979. 
t e s t i n g  was l i m i t e d  t o  noncofiGensing operat ion a t  3000 rpm using f l u i d  from Well 
54-3 i n  the Roosevelt Kno\.tn Geothermal Resource Area (KGRA), Utah, through the 
courtesy o f  P h i l l i p s  Petroleum Company ( P h i l l i p s ) .  

The 1-MW HSE power 

The 

T I  t e s t  r e s u l t s  must be considered as pre l iminary because tne production _ .  
f i n a l  di;nensions w i t h i n  the t e r t  HSE reqdires t!ie deposi t ion o f  scale i n t e r n a l l y  
i n  amounts which d i d  not occur dur ing the tests.  
formance evaluat ion o f  t h e  HSE and the power system was not possible. However, 
t he  H e l i c a l  Screw Expander Evaluat ion P ro jec t  has produced a funct ional  l-MiJ 
geothermal e l e c t r i c  powe; p lant  featur ing a b e l i c a l  screw exoarider w i t h  a demon- 
s t r a t e d  performance o f  b e t t e r  than 50% machine e f f i c i e n c y  over a range o f  t e s t  
condi t ions i n  noncondensing operation on two-?base geothermal f l u i d s ,  a 
computer-equipped data system, an instrumeniat ion and contro l  data van, and a 
1000-kW var iab le load bank, a l l  in tegrated i n t o  a t e s t  array designed f o r  opera- 
t i o n  a t  a va r ie t y  of remote t e s t  s i tes.  The Pro ject  has a lso produced dn operat- 
i n g  and maintenance manual f o r  the power p l a n t  (Ref. l ) ,  a manual f o r  the t e s t  
support equipment (Ref. Z ) ,  a data system hardware and ca l cu la t i on  manual 
(Rzf. 3 ) ,  a complete computer program manual f o r  logging, d isp lay ing and 

Therefore, a d s ' i n i t j v e  per- 
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analyzing t e s t  data (Ref. 4), 151 sets1 o f  f i e l d  t e s t  performance data selected 
under steady-state condit ions, and information on the operat ing cha rac te r i s t i cs  
o f  the HSE over a broad range o f  operat ing condi t ions presented i n  t h i s  Pro jec t  
F ina l  Report. I n  addi t ion,  t h i s  Pro ject  has provided added experience for tech- 
n i c a l  spec ia l i s t s  from JPL and from HPC. It has insp i red  the continued p a r t i c i -  
pat ion o f  the  DOE Div i s ion  o f  Geothermal En-rgy (DOE/DGE) and the two technica l  
spec ia l i s t s  i n  a cooperative In ternat iona '  s t  and Demonstration Progranme 
(Programne) raquested by the nat ional  e lect1 : u t i l i t i e s  of Mexico, I t a l y  and New 
Zealand. A t e s t  program has already been conducted i n  Mexico, and s i m i l a r  t e s t  
programs w i l l  be conducted i n  I ta ly  and ther! i n  New Zealand, under the auspices 
o f  the In te rna t i ona l  Energy Ayency ( IEA) .  

The preparation of t h i s  Pro jec t  F ina l  Report presenting the resu l t s  o f  the 
t e s t i n g  i n  Utah was rescheduled t o  begin a f t e r  the t e s t i n g  i n  Mexico became 
rou t ine  so tha t  it would not delay the test ing.  This has led  t o  the opportuni ty 
t o  include i n  t h i s  repor t  an add i t iona l  62 sets o f  data f o r  the noncondensing 
t e s t i n g  of the HSE performed i n  Mexico i n  1980. These data include a peak 
measured machine e f f i c i ency  o f  62% w i th  the ro to rs  p a r t i a l l y  coated w i th  scale, 
conf i rming the importance o f  scale deposits w i th in  the machine on machine 
performance. The t e s t i n g  i n  Mexico by the  Comision Federal de E lec t r i c i dad  (CFE) 
using the t e s t  array from Utah, the gather ing o f  data i n  a format compatible w i th  
the p r i o r  work, and the JPL analysis and presentat ion of these data here i n  the 
format developed f o r  the Utah data, a l l  help t o  demonstrate the s u i t a b i l i t y  and 
v e r s a t i l i t y  o f  the equipment and methodologies developed f o r  t h i s  Project .  It 
a lso  served as an example which can be fol lowed throughout the Programne. Data 
f o r  pre l iminary condensing t e s t i n g  performed i n  Mexico i n  1981 are not presented 
i n  t h i s  report ,  nor i s  a discussion o f  the 1980 t e s t i n g  included. A sumnary 
repor t  by JPL, based on reports by each o f  the countr ies, has been scheduled 
fo l l ow ing  the completion o f  the Programne. The p a r t i c i p a t i o n  of  3PL i n  t h i s  
cooperative P r o g r a m  i s  by Interagency Agreement No. OE-AI03-79ET37116 between 
DOE i;nd NASA under NASA Task Order RO-152, hendment 226, NAS7-100. 

B. SUMMARY 

The HSE Pro ject  i s  important because it deals w i th  a geothermal u t i l i z a t i o n  
technology which i s  simple, p o t e n t i a l l y  very e f f i c i en t ,  and i d e a l l y  su i ted t o  
wellhead i n s t a l l a t i o n s  i n  moderate t o  high enthalpy l iquid-dominated f i e lds .  The 
general ob ject ive o f  t h e  Pro ject  was t o  provide c red ib le  informat ion so t ha t  the  
geothermal comnunity can make i t s  own assessment of  the comnercial s u i t a b i l i t y  o f  
t h i s  technology. 

1 One set consists o f  the averages of  a group o f  complete data samples; a 
t yp i ca l  group contains approximately 15 samples o f  43 data channels. 
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The primary technica l  ob jec t ive  of the  Pro jec t  was t o  determine the  
performance o f  t h e  HSE, i n  the f i e l d ,  over a wide range o f  operat ing condi t ions 
s imulat ing a va r ie t y  o f  geothermal wells. 
was t o  determine engine e f f i c iency ,  operat ing cha rac te r i s t i cs  and equipment 
d u r a b i l i t y  f o r  noncondensinq operations. 

The main purpose of the f iL :d  t e s t s  

This  Pro jec t  was formulated by JPL i n  close associat ion w i th  Sprankle fo r  
the program object ives o f  National Science Foundation (NSF). A primary NSF pro- 
gram ob jec t i ve  was the accelerat ion o f  geothermal energy u t i l i z a t i o n  fo r  e l e c t r i c  
power product ion from liquid-dominated resources. This appeared poss ib le  by 
drawing on the  background technology o f  Sprankle and HPC. Government sponsorship 
passed from t h e  NSF t o  t h e  Ener-y Research and Development Admin is t ra t ion (ERDA) 
t o  DOE/DGE. 

Several organizat ions pa r t i c i pa ted  i n  t h i s  Project. Most notable were HPC, 
JPL, P h i l l i p s ,  AAA Welding, Inc., P e i f f e r  and Associates, and Wahl Co. HPC fab- 
r icated,  i ns ta l l ed ,  operated and maintained the  HSE power p lan t  and ass is ted i n  
the t e s t  s i t e  selection, t e s t  planning and tes t i ng ,  a l l  unaer JPL contract  and 
d i rec t ion .  JPL managed t h i s  Pro ject ,  designed and fabricated, o r  assembled, the  
t e s t  support equipment, selected a t e s t  s i t e ,  designed a t e s t  process and plan, 
d i rec ted  and monitored the  f i e l d  i n s t a l l a t i o n ,  conducted the tes t ing ,  and p a r t i -  
c ipated i n  the data analysis. P h i l l i p s  donated the use o f  i t s  geothermal f l o w  
t e s t  f a c i l i t y  (FTF) a t  Roosevelt Hot Springs, Utah, and supplied the  p ip ing  
drawings and hardware a t  cost. AAA Welding, Inc. i n s t a l l e d  the o ip ipg  under t h e  
co-supervision o f  :onsultant Lee P e i f f e r  o f  P e i f f e r  and Associates and JPL. 
Dr. E. F. Wahl o f  dah1 Co. wrote the computer programs f o r  instrument ca l i b ra -  
t i on ,  t e s t  operat ion and data anzlysis. 
and repa i r  i n  1979, and performed much o f  the  data analysis. 
associates a t  Occidental Research Co., Or .  Wahl supplied process e v i n e e r i n g  
support and cost estimates. 

He a lso  d id  data system trouble-. Jo t ing  
Ear l i e r ,  w i th  

As pa r t  o f  the Pro jec t  proposal marketing, JPL pa r t i c i pa ted  w i th  HPC i n  the 
demonstration t e s t i n g  o f  t h e  HPC 50-kW HSE pr3totype power system, a t  two s i t e s  
i n  the  Imperial Val ley o f  Ca l i fo rn ia ,  i n  1974. This p ro jec t  t o  evaluate the 
l-MW HSE power system, o r  power p lan t ,  began i n  September 1975. 

Fabr ica t ion  o f  the 1-MW HSE power p lan t ,  Model 76-1, by HPC, began i n  March 
1976 a f t e r  a per iod o f  design and design rev ien.  f ab r i ca t i on  shop preparation, 
component procurement act ions and approvals, and thp .stab1 ishment o f  q u a l i t y  
con t ro l  and other procedures required by JPL. The tab r i ca t i on  was completed i n  
August 1977, and the p lan t  was subjected t o  acceptance t e s t i n g  by HPC and JPL the  
same month. The t e s t i n g  was done t o  check the s t a t i c  and dynamic performance of 
t he  power p lan t  and i t s  subsystems, and the i n t e r f a c i n g  w i t h  t e s t  support equip- 
ment provided by JPC. The t e s t  support equipment included a computer-based data 
acqu is i t i on  system, and a means o f  remote contro l  and monitor ing o f  the power 
p lan t .  The t e s t  support equipment was designed and b u i l t  o r  purchased by JPL 
dur ing  the fab r i ca t i on  o f  the power p lant .  
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4 f ier ies o f  dynamic tests ,  i n  August, September and October, accomplished by 
d r i v i n g  t h e  HSE w i t h  compressed a i r ,  revealed design weaknesses i n  the governor 
dr ive,  the shatt  seal assemblies, and the t im ing  gear l u b r i c a t i o n  i n  the HSE. 
After naking repairs,  acceptance t e s t i n g  was completed December 4, 1977, when t h e  
HSE porJer p lant  met a l l  the t e s t  c r i t e r i a  dur ing 4 hours o f  continuous 
opera1 ion. 

A f te r  the in-place dg l i ve ry  o f  the power p lant  t o  JPL, modi f icat ions were 
nldd' t o  an e l e c t r i c a l  d i s t r i b u t i o n  panel t o  match the process needs a t  t he  Utah 
t,.s: s i te .  The Utah s i t e  had been selected a f t e r  a s i t e  survey made by JPL and 
H ; ) C  dur ing the per iod o f  equipment fab r i ca t i on .  A t e s t  process was designed t o  
use " l u i d s  from P h i l l i p s '  Well 54-3 a f t e r  the f l u i d s  had passed through a separa- 
t o r  i n  the FTF. The main purpose o f  t he  FTF dur ing 1978 was the evaluat ion o f  
the :reotherma1 reservoir ,  and dur ing 1979 the  main purpose was the development of 
prodl c t i o n  tecnniques by P h i l l i p s .  The pressure and flow rates of the f l u i d s  
avai 3ble t o  t h i s  P ro jec t  were determined by the design and t e s t  condi t ions of 
thv TF. The design and operation o f  t h e  HSE t e s t  f a c i l i t y  was s t rongly  
i n f l . e n c e d  by the FTF design and t e s t  condit ions. Long p i p i n g  runs and waste 
dispdsal equipment d i c ta ted  by the FTF required the expenditure o f  Pro ject  funds 
o r i q i n a l l y  planned f o r  condensing test ing.  

S i t e  preparat ion began i n  December 1977. P ip ing hardware began t o  a r r i v e  a t  
the s i t e  t h a t  szme month, and the  HSE power p l a n t  and t e s t  support equipment 
a w i v e d  dur ing February 1978. 
atld was completed by the middle o f  March, a t  which time a l l  o f  the equipment was 
in-place, i n s t a l l e d  and ready f o r  use. R e l a t i v e l y  moderate winter  weather a t  the 
6 '00-foot a l t i t u d e  of  the t e s t  s i t e ,  r e s u l t i n g  i n  fewer storms than normal, aided 
i r l  the preparations. 

The process p ip ing  i n s t a l l a t i o n  began i n  January 

The 1978 s t i n g  was conducted dur ing the per iod o f  March 16 through May 30. 
Durin.1 Lhis period, t e s t i n g  o f  t h e  HSE under f u l l  power and w i t h  scale deposited 
on the ro to rs  was precluded by the operat ing condi t ions o f  the FTF. Both condi- 
t ions,  f u l l  power and scale deposited on the rotors,  were necessary f o r  an ade- 
quate evaluat ion o f  the HSE. However, these i n i t i a l  t es ts  revealed weaknesses i n  
the design o f  the HSE most notably the shaf t  seals. The design weaknesses were 
strengthened, new par ts  were i ns ta l l ed ,  and operating condi t ions of  the FTF 
desirabl l? f o r  t e s t i n g  ';he HSE were planned by P h i l l i p s  f o r  the 1979 operations. 
Verif ica?:ion tes'<.13 o f  the HSE dur ing the per iod o f  October 12, 1979 through 
November 14, :979 confirmed the adequacy o f  the design and i n s t a l l a t i o n  o f  the 
new Darts. 1 1 1  , 'ortunately, a well  "blowout" i n  the FTF occurred during tes t  
preparatiot.>, the planned operat ing condi t ions of  the FTF were not achieved, and 
an acleal.,te evaluat ion of the HSE was not possible. 

I n  advance o f  the 1978 test ing,  t he  DOE/DGE, guided by i t s  advisory 
, m n i t t t e s ,  c1assi"red t h i s  P ro jec t  as low p r i o r i t y  and scheduled i t  f o r  termina- 
t ion .  however. cnese tes ts  generated considerable i n t e r e s t  i n  Mexico, I t a l y ,  New 
Zealand and -9tner countr ies, and i t  was decided tha t  CFE, Mexico, Ente Nazionale 
per 1'F.rerqia E l e t t r i c a  (ENEL), I ta ly ,  and the M in i s t r y  of  Works and Development 
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(MWD), New Zealand, would t e s t  the machine i n  each o f  these three countr ies under 
the auspices o f  t he  IEA,  w i th  the continued p a r t i c i p a t i o n  o f  DOE/DGE, 3PL and 
HPC. It i s  f o r  t h i s  reason tha t  the overhaul and 1979 t e s t i n g  were performed. 
I n  support o f  the proposed t e i t i n g  by CFE i n  Mexico, JPL performed an analysis o f  
two proposed t e s t  s i t es  a t  Cerro Pr ie to,  Mexico, and, w i th  HPC, prepared process 
designs and cost s:udir.s f o r  several t e s t  opt ions there. This advance planning 
support was done dur ing the preparat ion f o r  the 1979 t e s t i n g  i n  Utah as pa r t  o f  
t h i s  Pro ject  
t e s t  support equipment were disconnected and loaded 'o r  shipment t o  Mexico, 
a r r i v i n g  a t  Cerro P r ie to  f o r  unloading on December 1, 1979. 

I n  November, a f t e r  the t e s t i n g  i n  Utah, t h e  HSE power p lan t  and 

The Model 76-1 HSE i s  a p o s i t i v e  displacemert Lysholm-type machine adapted 
from the technology o f  the compressor industry.  
operat ion on b r i n e  and steam mixtures which deposit scale. 
desirable,  but only i n  con t ro l l ed  amounts. I n  order t o  accomodate and contro l  
t he  expected scale deposits, i t  was bui 1 t w i th  ro to r - to - ro to r  and rotor-to-case 
clearances which would be excessive f o r  conventional appl icat ion.  E a r l i e r  f i e l d  
experience w i t h  the prototype had shown t h a t  scale deposits can close these 
clea m c e s  dur ing operation. 
leakage t o  impair the performance s i g n i f i c a n t l y .  This i s  i l l u s t r a t e d  by 
i nc lud ing  i n  t h i s  report  the 1980 Mexico t e s t  data which snow a maximum perform- 
ance measurement o f  the machine e f f i c i e n c y  o f  62% a t  Cerro Pr ie to,  Mexico, w i th  
the r o t o r s  p a r t l y  scale-clad, as compared w i th  a machine e f f i c i e n c y  o f  approxi- 
mately 54% measured i n  Utah under s i m i l a r  t e s t  condit ions, but  w i th  the ro to rs  
s t i l l  bare. The e f f i c i e n c y  improvement i s  bel ieved t o  have resul ted from leakage 
r e d u c t i m  by the scale. Since the f l u i d  proper t ies and t e s t  t ime ava i l ab le  i n  
Utah l e f t  the ro to rs  near ly bare throughout the t e s t i n g  there, t he  Utah perform- 
ance data are q u a n t i t a t i v e l y  i r r e l e v a n t  t o  the HSE evaluation. Unfortunately, 
the combination o f  the process conf igurat ion and the t e s t  t ime ava i l ab le  i n  
Mexico d i d  not permit complete scal ing o f  the ro to rs  there e i the r ,  and the 
performance p o t e n t i a l  was s t i l l  unknown a t  the end o f  the t e s t i n g  i n  Mexico. 

It was designed f o r  wellhead 
Some scale deposit i s  

U n t i l  they close, these clearances al low s u f f i c i e n t  

The Utah t e s t  condi t ions included an i n l e t  pressure t o  the expander of  
84 psia t o  258 psia, i n l e t  steam q u a l i t y  o f  0 t o  99%, e l e c t r i c  load o f  62 t o  
1002 kW, shaft output Dower of 101 t o  1059 kW, and a male r o t o r  spee' of  
1',X cpm. The expander exhaust pressure was mostly atmospheric a t  about 12 psia. 
Scme t s s t i n g  was performed a t  exhaust pressiires of 27 t o  30 psia. When i t  was 
found dur ing the 1979 t e s t i n g  tha t  process condi t ions planned for  scale deposi- 
t i o n  w i t h i n  the expander were riot ava i l ab le  from the FTF, attempts were made t o  
deposit calcium carbonate on the ro to rs  by i n j e c t i n g  calcium ch lo r i de  so lu t i on  
i n t o  the i n l e t  of the expander as an a i d  t o  the performance evaluation. The 
r e s u l t s  showed l i t t l e  SIJCCCSS, possibly because o f  the presence of  scale i n h i b -  
i t o r  i n jec ted  i n t o  the f l u i d s  a t  the wellhead by P h i l l i p s  dur ing much of  the 
test ing.  Enough scale W B S  deposited on the ro to rs  t o  conf i rm tha t  the machine 
e f f i c i e n c y  increases H i t h  a decrease i n  the leakage clearances. The 1979 t e s t i n g  
a lso confirmed tha t  the design improvements i n  shaft seals, t h r o t t l e  con t ro l ,  
f l u i d  entry contro l  and noise leve l  were a l l  successful. 
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The 1978 and 1979 t e s t i n g  was fo r  noncondensing operation a t  a male r o t o r  
and output shaf t  speed o f  3000 rpm, with e s s e n t i a l l y  bare rotors.  
t h e  t e s t  data shows t h a t  the machine e f f i c i e n c y  of the HSE i s  a strong funct ion 
o f  sha f t  output power, and a weak funct ion o f  i n l e t  steam q u a l i t y  and pressure 
r a t i o  across the expander. The e f f i c i e n c y  i s  independent o f  t h r o t t l e  p o s i t i c n  
and f l u i d  throughput. These t e s t  resul ts ,  i n  conjunct ion w i t h  t h e  1980 Mexico 
data f o r  t he  same r o t o r  speed, show conclusively t h a t  t e s t i n g  o f  the HSE under 
scale-forming condit ions, w i t h  the r o t o r s  and case i n t e r i o r  coated t o  the 
1 i m i t i n g  dimensions, i s  necessary t o  determine the e f f i c i e n c y  and performance 
cha rac te r i s t i cs  o f  t he  HSE. Under those condit ions, the optimum speed o f  the 
r o t o r s  and the e f f e c t s  o f  condensing operation should be determined, along with 
the d u r a b i l i t y  o f  the components. 
encouraging and appear t o  j u s t i f y  add i t i ona l  t e s t i n g  o f  the HSE. 

An analys is  o f  

The t e s t  r e s u l t s  here should be considered as 

C. BACKGROUND 

This P ro jec t  was based on the p r i o r  work o f  Sprankle and HPC dur ing the 
per iod 1971 through 1973 and on the geothermal program object ives o f  NSF i n  t h e  
per iod inanediately fol lowing. 
displacement machi ne t o  two-phase f 1 ow geothermal service was concei ved by 
Sprankle i n  January 1971, and was confirmed dur ing approximately 400 hours o f  
t e s t i n g  o f  a 4-inch r o t o r  machine on Well M-10 a t  Cerro Pr ie to,  Mexico, dur ing 
October o f  t h a t  year. The t e s t  r e s u l t s  were submitted t o  CFE i n  an unpublished 
paper, and the new concept was promoted by HPC i n  a b u l l e t i n  d i s t r i b u t e d  a t  t he  
f i r s t  Geothermal Resources Council Symposium i n  Brawley, Ca l i f o rn ia ,  i n  February 
1972. Sprankle f i l e d  f o r  a use patent with t h e  United States Patent O f f i c e  and 
formed HPC, w i t h  himsel f  as general partner, t o  e x p l o i t  the concept. 
No. 3,751,673 was granted t o  Roger S. Sprankle on August 7, 1973 and subsequently 
was signed over t o  HPC. 

The idea o f  apply ing a Lysholm-type p o s i t i v e  

Patent 

Dur ing 1972, HPC developed and tested a 50-kW prototype HSE power p lant  by 
adapting a Gardner-Denver compressor w i t h  6-inch rotors.  The t e s t i n g  and much o f  
t h e  development work were done a t  Well M-7, Cerro Pr ie to,  Mexico (see 
Figure 1-2). As w i th  the p r i o r  t es t i ng ,  t h e  HSE demonstrated the a b i l i t y  t o  
operate on the two-phase f low of untreated geothermal f l u i d  d i r e c t l y  from the 
wel l .  Scale deposi t ion occurred within the machine i n  amounts l i m i t e d  by the  
abrading ac t i on  of the r o t o r s  on one another and on the housing. 
deposits provided corrosion p ro tec t i on  f o r  otherwise exposed surfaces and 
improved the machine e f f i c i e n c y  by reducing leakage past the rotors.  Although 
successful, the prototype expander was not a t r u e  geothermal machine, only an 
adapted compressor, and was not su i tab le  f o r  endurance t e s t i n g  or  in tens ive 
performance evaluation. However, it d i d  serve as the basis fo r  the conceptual 
design completed by HPC f o r  a small commercial-size HSE geothermal power plant.  

The scale 

I n  1973, t h e  O f f i ce  of  Management and Budget assigned t o  NSF the r o l e  o f  
lead government agency deal ing w i t h  geothermal energy. I n  add i t i on  t o  
coordinat ing the re leva r t  work o f  a l :  other government agencies, NSF included a 
geothermal program i n  the Research Applied t o  National Needs (RANN) d i rectorate.  
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JPL beceme aware tha t  t h i s  program included accelerat ing o f  the production o f  
e l e c t r i c i t y  from hot geothermal br ines containing minerals which impeded the  
development of  u t i l i z a t i o n  technology. Accordingly, JPL made a comprehensive 
survey o f  the u t i l i z a t i o n  technology as it ex is ted i n  the f a l l  o f  191'3, and 
concluded that the HPC technology was a l i k e l y  candidate for accelerat ion. The 
concept had been v e r i f i e d  w i th  good resul ts ,  and the prime mover which was 
embodied i n  the technology was a d e r i v a t i v e  o f  compressors b u i l t  by an estab- 
1 ished industry.  No technological breakthrough was necessary. Moreover, i n  the 
context  o f  RANN and the NSF-assigned r o l e  i n  geothermal advancement, the l i a i s o n  
of  NSF as a funding agency and JPL as an organizat ion with expert ise i n  p ro jec t  
management, t o  u t i l i z e  technology i n  need o f  f u r t h e r  development, with HPC as a 
small comnercial ly-oriented o r i g i n a t o r  of  the technology, was a t t r a c t i v e  t o  NSF. 
It was read i l y  recognized tha t  t h i s  l i a i s o n  could provide the s t ruc tu re  f o r  a 
p ro jec t  t o  produce and t e s t  a small comnercial geothermal power p lan t  and t o  
provide the credib le  data necessary f o r  indust ry  t o  make i t s  own determination as 
t o  the appl i cabi 1 i t y  of t h i s  techno1 ogy. 

The p a r t i c i p a t i o n  of HPC i n  an evaluat ion p ro jec t  sponsored by the Uni ted 
States Government was condit ioned upon re ten t i on  o f  i t s  then e x i s t i n g  patent 
r i gh ts .  I n  addi t ion,  as a contractor w i th  JPL, HPC appl ied f o r  and w s  granted 
an advance waiver of  t he  Government's r i g h t s  w i th  respect t o  invent ions made i n  
the  performance o f  the contract  w i th  JPL, The JPL contract  with HPC l i m i t e d  t h i s  
p ro jec t  t o  the funct ion of  evaluat ion only, whi le  the r e s p o n s i b i l i t y  f o r  design 
and f u r t h e r  development o f  the HSE remained w i th  HPC outs ide o f  t h i s  Pro ject .  
Nei ther the Government nor JPL undertook t o  examine the  HPC expander design i n  
d e t a i l  or  t o  do any design optimization. 
i n i t i a t i v e .  

These areas were l e f t  t o  HPC's 

I n  support o f  t h i s  Pro ject ,  proposed t o  NSF i n  f i v e  phases, the 50-kW 
prototype HPC power p l a n t  was tested a t  two s i t e s  i n  t h e  Imperial Val ley o f  
Ca l i f o rn ia .  The f i r s t  s i t e  was a t  the Uni ted States Bureau o f  Reclamation 
Geothermal Test F a c i l i t y  i n  the East Mesa KGRA. Performance t e s t s  were performed 
there on August 21, 1974, on low-sal ine br ine from Well 6-1. The t e s t  was a 
cooperative e f f o r t  w i t h  the t e s t  crew made up o f  representatives from t h e  Pub l i c  
Services Department of the City o f  Burbank, Ca l i f o rn ia ,  the Energy and Minerals 
D iv i s ion  of Gulf O i l  Company, HPC and JPL. The tes ts  gave expander e f f i c i e n c i e s  
o f  65 and 74% f o r  two operating condit ions. 
t i v e  since power losses o f  the load t r a i n  on the power p l a n t  were not accurately 
known and these losses entered i n t o  the ca l cu la t i on  o f  the expander ef f ic iency.  
No e f f o r t  was made t o  optimize the t e s t  condit ions, and i t  was known tha t  as an 
adapted compressor the expander d i d  not represent an optimum design. During May 
1975 the machine was tested by HPC and JPL on P h i l l i p s '  Well, S i n c l a i r  4, where 
the hot hyper-sal ine brirte contained about 30% dissolved minerals by weight. 
expander reached steady s tate i n  about 24 hours of  operation w i th  no s i g n i f i c a n t  
problems. These two tes ts  were i n te rp re ted  as v e r i f i c a t i o n  of  proof of concept 
o f  t he  HSE as a b r i ne  t o l e r a n t  expander f o r  ex t rac t i ng  energy from geothermal 
b r i ne  and steam mixtures, 

These r e s u l t s  were considered t L  t a -  

The 
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I n  December 1974 the  National Science Board reviewed and approved t h i s  
Project .  
Systems D iv is ion ,  Of f i ce  o f  Enerqy Programs, NASA, i n  December 1974. The program 
and funding au thor i ty  passed f rom NSF t o  ERDA upon i t s  formation i n  January 1975, 
and the program respons ib i l i t y  was subsequently merged i n t o  the newly formed 
DOE/DGE i n  October 1977, whw the  DGE took over program management of  t h i s  
Pro jec t  . 

The NSF then i n i t i a t e d  Pro jec t  funding procedures through the  Energy 

D. P90JECT OBJECTIVES 

The short-range technica l  ob ject ives o f  t h i s  Pro jec t  were t o  acquire, tes t ,  
evaluate and character ize a small commercial-size HSE power system f o r  two-phase 
flow operat ion i n  l iquid-dominated geothermal f i e lds .  The evaluat ion was t o  be 
based on t e s t i n g  i n  the f i e l d  t o  determine the engine and p lan t  e f f i c i e n c i e s  o f  
the  power system, and the e f fec ts  o f  operat ing parameters such as i n l e t  pressure, 
i n l e t  qua l i t y ,  exhaust pressure and r o t o r  t i p  speed. 
corrosion, scale formation and i t s  e f fec ts ,  r o t o r  and housing wear, erosion, 
d u r a b i l i t y ,  maintenance requirements, t h r o t t l e  behavior, s ta r t /s top  requirements, 
p a r a s i t i c  losses, in te rac t ions  w i th  the wel l ,  in te rac t ions  w4th an e l e c t r i c  gr id,  
and expander staging, s ize  and other p rac t i ca l  d e t a i l s  o f  operating such a 
system. This informat ion was then t o  be used for  app l i ca t ion  design studies 
fol lowed by a 5-MW ful ly-automated demonqtration plant.  

Also t o  be studied were 

The nontechnical ob ject ives were t o  invo lve HPC i n  t h i s  Pro jec t  as the 
designer and suppl ier  o f  the power p lan t  and as operator of the  power p lan t  
dur ing the test ing.  
capab i l i t y  and image o f  the company as the suppl ier  o f  HSE power p lants  i n  t h e  
event t h a t  a market should develop. Another ob jec t ive  was t o  invo lve the s i t e  
operators i n  the t e s t i n g  so tha t  the user point-of-v iew would be w e l l  
represented. 

This was intended t o  encourage the development of  the 

E. PROJECT PLAN 

1. Proposed Plan 

The He l i ca l  Screw Expander Evaluat ion Pro jec t  was shaped according t o  
the program object ives o f  t h e  D iv i s ion  o f  Advanced Energy Research and Technology 
of the NSF and was proposed i n  f i v e  phases, a l l  t o  be nanaged by JPL. A l l  f i v e  
phases were subject t o  review by the sponsor t o  a l l o w  cont inuat ion,  red i rec t i on  
o r  Pro jec t  terminat ion a t  l og i ca l  points. 

Phase I enta i l ed  the purchase o f  a 1000-kW modular power p lan t  from HPC w i th  
the design based on the  50-kW HPC prototype. This 20-fold scale-up i n  s i z e  was 
intended t o  produce a commercial machine small enough t o  t e s t  comprehensively on 
s ing le  geothermal we l ls  but large enough tha t  a l l  o f  i t s  components and i t s  
operat ing charac ter is t i cs  would be representat ive of la rger  machines. 
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Concurrently w i th  the procurement o f  the pc l~e r  p lant ,  JPL planned t o  design and 
b u i l d  t e s t  support equipment, selec; two high-enthalpy t e s t  s i tes ,  one w i th  low- 
s a l i n i t y  b r i ne  and one w i th  h igh -sa l i n i t y  brine, and formulate the t e s t  plans. 

Phase 11 was t o  consist  o f  the character izat ion and evaluat ion t e s t i n g  o f  
t he  pcwer system module. 
because the operat ing problems are less severe and the  thermodynamic proper t ies  
o f  the  f l u i d s  are b e t t e r  known. 
head condi t ions by separating the f l u i d s  from the t e s t  wel l  i n t o  steam and b r ine  
and then recombining them i n  measured proport ions as desired and by admixing a 
recycled stream o f  cooled b r ine  as appropriate. Also, a s i t e  was t o  be selected 
f o r  the  Phase 111 test ing.  

it was planned t o  t e s t  w i th  low-sal ine b r ine  f i r s t  

It was hoped t o  simulate a wide var ie ty  o f  wel l -  

Phase 111 was t o  provide long-term operation i n  the f i e l d  f o r  endurance 
t e s t i n g  and equipment l i f e  predic t ions,  wel l  dynamics i n te rac t i on  studies, e lec- 
t r i c  g r i d  i n te r fac ing  studies and a determination o f  addi t ional  developments 
needed . 

Phase I V  would have made use of the  resu l t s  o f  Phases I 1  and I 1 1  t o  study 
the app l ica t ion  o f  t he  HSE t o  the geotherma; power indust ry  and t o  assess t h e  
f e a s i b i l i t y  o f  wellhead s i t i n g  i n  par t i cu la r .  

Phase V was planned f o r  the design, construct ion,  tes t ing ,  and evaluat ion o f  
a fully-automated HSE power plant. A t  t h a t  t ime i t  was envisioned as being s i t e d  
near the wel l  and having a two-stage expander w i th  a 5 t o  7-MW power r a t i n g  i n  
noncondensing operation. 

The work plan schedule f o r  Phases I and I 1  as approved by NSF i s  shown i n  
Figure 1-3, and f o r  a l l  f i v e  phases i n  Figure 1-4. 

2. Pro jec t  Funding 

Phase I, as funded, had no change i n  i t s  technical  content o r  objec- 
t i ves .  The t rans fe r  o f  program r e s p o n s i b i l i t y  from NSF t o  EROF upon i t s  
formation i n  January 1975 caused a s ta r t -da te  schedule s l i p  o f  approximately 9 
months whi le  agency s t a f f i n g  and p o l i c y  matters were resolved. 
was reviewed i n  the context of  ERDA program object ives and the  Phase I plan was 
approved w i th  minor nontechnical changes. Some scheduling changes were necessary 
t o  correct  f o r  the actual times required f o r  JPL t o  contract  f o r  HPC t o  b u i l d  the 
HSE power p lant ,  and f o r  HPC t o  ob ts in  new compet i t ive bids from suppl iers 
according t o  government procedures. The Phase I plan f o r  EROA i s  shown i n  
Figure 1-5. This plan was l a t e r  revised as shown i n  Figure 1-6 and was i n h e r i t e d  
by DOE/DGE. 

The Pro ject  p lan 
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Phase I 1  was revised t o  encompass the t e s t i n g  only a t  the f i r s t  t e s t  s i t e  
(Figure 1-7). When t e s t i n g  was about t o  begin i n  1978, JPL learned from DOE/DGE 
t h a t  t h i s  Pro jec t  would be terminated a t  the completion o f  the 3 months o f  t e s t -  
ing scheduled i n  Phase 11. I n  consul ta t ion w i th  i t s  advisors, DGE had reviewed 
a l l  i t s  p ro jec ts  and assigned a p r i o r i t y  t o  each. The HSE geothermal power p lan t  
was rated as not o f  s u f f i c i e n t  i n t e r e s t  t o  the geothermal indust ry  i n  the  Uni ted 
States t o  j u s t i f y  continued Pro jec t  funding. However, through i t s  membership i n  
the  IEA, DOE of fe red  the  HSE power p lan t  f o r  t e s t i n g  by other governments, as 
discussed i n  Section VI11 o f  t h i s  report.  As a resu l t ,  representat ives of I ta ly ,  
New Zealand, Turkey, Sweden and k'est Germany v i s i t e d  the s l t e  dur ing the t e s t i n g  
and were encouraged by the t e s t  resul ts .  A t  t ha t  t ime,  design weaknesses i n  the 
shaft seals had become evident and i t  was c lear  t h a t  s m  redes iw  and overhaul 
would be necessary before t e s t i n g  could continue i n  another country. Therefore, 
Phase I1  was supplemented by Phase I I - A  t o  accomplish the appropr iate r e d e s i y  
and merhaul  an8 t o  prepare f o r  an add i t iona l  month of  t e s t i n g  t o  conf i rm the 
adequacy o f  tk overhaul. Meanwhile, the o r i g i n a l  Phases 111, I V  and V were 
cancelled, along w i th  plans f o r  second-site t e s t i n g  i n  Phase 11. 
support f o r  the  P r o g r a m  was ii.:luded i n  the  Phase I I - A  work plan. 

Planning 

Phase I11 covered the overhaul conf i rmat ion t e s t i n g  and was followed by the 
f i n a l  phase, Pro jec t  Termination, propcred separately. I n  add i t ion  t o  the over- 
h w l  confirmation, the 1 month o f  t e s t i n g  of Phase 111 was interided t o  accomplish 
the performance evaluation o f  t h e  HSE which had been attempted e a r l i e r  i n  Phase 
11. The e f f i c i e n c y  o f  the HSE i s  s t rong ly  inf luenced by the leakage clearances 
past the ro to rs  and these clearances were excessive dur ing the  Phase I 1  (1978) 
tes t ing .  
t e s t i n g  t o  close these clearances and b r ing  the machine t o  i t s  f in ished dimen- 
sions, but  t h i s  d i d  not occur. 
machino and the t r u e  performance of the machine was not determined. Process 
changes were planned f o r  the Phase I 1 1  t e s t i n g  t o  a l low f in ished dimensions t o  be 
generated. 
unf in ished machine, and the resu l t s  are not necessar i ly  representat ive of the 
HSE, and because the a v a i l a b i l i t y  o f  f l u i d s  l i m i t e d  the  HSE tes ts  t o  3/4 power, 
the  repor t ing  o f  the 1978 t e s t  resu l t s  was rescheduled f o r  inc lus ion  i n  the 
Pro ject  F ina l  Report, along w i th  the  1979 t e s t  resu l ts .  

Scale deposits had been expected t o  form w i t h i n  the expander during the 

Thus, thc t e s t i n g  was performed on an unfinished 

Because the 1978 tes ts  were known t o  have been performed on an 

The Pro jec t  Termination a c t i v i t i e s  (equiva lent  t o  a Phase IV )  included 
preparing the  HSE power p lan t  and t e s t  support equipment for shipment fran t he  
s i te ,  leav ing the s i t e  i n  a condi t ion acceptable t o  P h i l l i p s ,  prepar ing complete 
hardware and software documentation t o  accompany the equipment t o  fo re i  gn t e s t  
s i tes ,  and t rans fe r r i ng  the accountabi 1 i t y  of  Pro jec t  property t o  DOE. 
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SECTION I 1  

METHODOLOGY 

A. PROJECT WETHODO!OGY 

The He1 i c a l  Screw Expander Evaluat ion P ro jec t  methodology encompassed the 
fo l l ow ing  main elements: the expander, p rop r ie ta ry  coni iderat ions,  the power 
p lant ,  the load, data acqu is i t i on  and management, the t e s t  array, tne t e s t  s i t e  
and the t e s t  process. 

The expander i s  a small comnercial geothermal prime m v e r  designed f o r  
two-phase f l u i d s  by HPC on the basis o f  p r i o r  development work w i th  a prototype 
machine which was adapted from a Gardner-Denver a i r  compressor. 
bears a close resemblance t c  establ ished machine design because ;he h e l i c a l  screw 
r o t o r s  were cut by a l icensee o f  Svenska Rotor Maskiner, A.B., Sweden (SRH), t o  
the same p r o f i l e  spec i f i ca t i ons  as those used i n  compressors. Case desigrr, 
p o r t i n g  and mater ia ls  of construction, etc., were a l l  spec i f ied by HPC f o r  
long-term geothermal service. HPC c l a s s i f i e d  a l l  expander design d e t a i l s  as 
propr ie tary .  This l i m i t e d  the P ro jec t  t o  external  evaluat ion o f  the HSE only, 
wi th a l l  design de ta i l s ,  repairs,  developments and i n t e r n a l  measurements being 
excluded from the P ro jec t  a t  the d i sc re t i on  o f  HPC. The exception was the con f i -  
den t ia l  review by JPL of  designs oel ieved t o  be c r i t i c a l  t o  the expander evalua- 
t i o n  object ives o f  the P ro jec t  and c e r t a i n  measurements w i t h i n  the expander. 
This arrangement helped t o  def ine the ro les o f  JPL and HPC, and inf luenced t h e  
t e s t  planning. Accordingly, complete design d e t a i l s  o f  the HPC expander are not 
contained i n  t h i s  report.  (For a descr ip t ion o f  the expander see Section 1I.B.) 

The new machine 

The engander was in tegrated i n t o  a power p lant  so tha t  i t  could be evaluated 
i n  d i r e c t  r e l a t i o n  t o  i t s  intended appl icat ion.  The power p lan t  served as a t e s t  
bench f o r  the expander. 
e l e c t r i c a l  output o f  the a l t e r n a t o r  and co r rec t i ng  for losses i n  the d r i ve  t ra in.  
High grade comnercial components were used throughout, but  no attempt was made t o  
specify t h e i r  performance. For example, for  the purposes of t h i s  Project ,  the 
e f f i c i e n c i e s  of  the gear box and a l t e r n a t o r  were not important provided they were 
known, and a component f a i l u r e  external  t o  the expander was not normally consid- 
ered as relevant t o  the expander evaluation. Consistent w i th  the ove ra l l  P ro jec t  
oo ject ive o f  accelerat ing the comnerLia1 i z a t i o n  o f  an enerqy conversion tech- 
nology, the power p lan t  was designed as a self-contained, -+and-alone u n i t  
completely independent of  a l l  JPL t e s t  equipment. It has i t s  own contro ls  and 
power instruments, i s  s e l f - s t a r t i n g  on geothermal f l u i d ’ a n d  has a safety shut- 
down system t o  provide p ro tec t i on  against fau l ts .  The power p lan t  i s  described 
i n  Section 1I.C. 

The expander output was determined by measuring the 

With the need t o  ioad the power p lan t  a t  t e s t  s i t e s  expected t o  be f a r  from 
load centers, a t ransportable fan-cooled 1000-kW r e s i s t i v e  load bank was 
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provided. Manual switches were used t o  change the load i n  50-kN steps. The load 
bank was connected t o  the a l t e r n a t o r  w i t h  power cables of equal '"ngth t o  provide 
a balanced load on the three phases for  accurate power measuremen8'. D e t a i l s  of 
the load bank are given i n  Section 1I.D. and i n  the support equipment manual 
(Ref. 2). 

An automated data acqu is i t i on  and d i sp lay  system was designed by JPL t o  
monitor and report ,  i n  rea l  time, the status o f  the t e s t  process and some power 
p lan t  hardware. For t h i s  purpose, a desk-top computer received incoming signals 
o r i g i n a t i n g  i n  the process equipment, or i n  the power plant,  through a mu l t i p ro -  
gramner. The ca lcu lated status and performance data were displayed on three 
p r in te rs .  In t h i s  way, process contro l  decisions could be guided, and the 
r e s u l t s  could be c l e a r l y  observed. A second computer was provided f o r  data 
analysis, and p rov i s ion  was made f o r  p l o t t i n g  procass or  equipment parameters 
on- l ine or o f f -1  ine. This equipment, along w i t h  s ignal -condi t ion ing equipment, 
was i n s t a l l e d  i n  an instrumentat ion and contro l  t r a i l e r ,  OF data van, which 
provided uork ing space and environmental cont ro l  for  the equipment. Compatible 
in-p lant  transducers were i n s t a l  led by HPC or  i t s  suppliers. 

The primary computer monitored the f a u l t  status o f  the power plant.  It also 
recorded the f i r s t  outage and the status o f  the process j u s t  p r i o r  t o  the fau l t .  
Numerous gauges and meters were i n s t a l l e d  on the power p lan t  and i n  the process 
equipment. Some of  these were used t o  conf i rm information logged automat iczl ly.  
The data system i s  described i n  Section 1 I .E .  and i n  more technical  d e t a i l  i n  a 
separate data system hardware manual (Ref. 3 ) .  The computer software i s  d i s -  
cussed i n  Section 1 I . E .  and described i n  a software manual (Ref. 4). The Data 
Van i s  described i n  Section 1I.F. and i n  the support equipment manual (Ref. 2). 
These three manuals, o r  reference documents, were prepared t o  describe the t e s t  
support hardware and software as o f  the completion o f  the t e s t i n g  i n  Utah. The 
Data Van i s  equipped f o r  c a l i b r a t i n g  many o f  the process transducers on-site. 
This equipment i s  l i s t e d  i n  the data system hardware manual (Ref. 3 ) .  

With the expectat ion o f  t e s t i n g  the HSE power p lant  a t  more than one s i t e ,  
the power p lant ,  the Data Van and the load bank were in tegrated i n t o  a t e s t  
array, arranged so tha t  the assembly can be f u n c t i o n a l l y  reproduced a t  a l l  s i tes.  
Appropriate j unc t i on  terminals,  mostly on the power p l ~ t ,  were prcsided f o r  t h i s  
purpose. 
interconnect ing cables. Whert,ver the power p l a n t  was i n s t a l l e d  f o r  test ing,  i t s  
p o s i t i o n  became establ ished, and the remainder of th2 t e s t  array b3s posi t ioned 
accordingly. Wiring from process instruments was connected i n t o  the tes t  ar ray 
a t  ju f ic t ion terminals on the power plant.  The test. array i s  described i n  
Section 1I.C. 

The t e s t  array lay-out was constrained only >y the lengths o f  the 

The decis ion t o  t e s t  the expander on rea l  geothermal f l c i d s  i n  the f i e l d  not 
only inf luenced the design of  tk hardware but establ ished the need for a t e s t  
s i t e .  Many factors  were considered i n  se lec t i nq  a s i t e ,  but  the main ones were 
well  product ion cha rac te r i s t i cs  and a v a i l a b i l i t y .  A 1-Fow power p lan t  undergoing 
tes ts  t o  simulate a wide assortment o f  wel ls  requires a large steam and water 
flow. The most favorable arrangement i s  a large wel l  w i th  a high pressure 
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separator. Such an arrangement was ava i lab le  a t  the P h i l l i p s '  FTF a t  W e l l  54-3 
i n  the  Roosevelt KGRA, Utah. Only a f t e r  t h i s  s i t e  was selected could the design 
of the t e s t  process proceed. A d iscussion of test s i t e  requirements and the s i t e  
se lec t ion  process i s  presented i n  Section I V .  In advance of the  s i t e  se lect ion,  
several processes were designed t o  es tab l i sh  the  f l o w  requirements associated 
w i th  the desired t e s t  condit ions. The r e s u l t i n g  informat ion,  inc lud ing  estimates 
of associated equipment costs, c~as used t o  *tennine the s i t e  requirements and 
the t e s t  p o s s i b i l i t i e s .  The a v a i l a b i l i t y  o f  la rge  quan t i t i es  of steam and water 
from a high pressure separator made it poss ib le  t o  reconbine the  phases i n  
selected measured amounts, a t  separator pressure or lower, t o  simulate a wide 
va r ie t y  o f  wells. A more complete discussion of  the t e s t  prclcess which was u s 4  
i s  found i n  Section V.A.3.f. 

8. EXPAWEL 

The HSE i s  a p o s i t i v e  displacement machine based on a cornpressor designed by 
A l f  Lysholm i n  Sweden i n  the  1930's, and subsequently developed by Shil. I n  t h i s  
Project ,  the machine i s  more co r rec t l y  ca l l ed  an engine than an expander, but  i t  
i s  usual ly  ca l l ed  an expander i n  industry,  and therefore i s  ca l led  an expander i n  
t h i s  report.  

1. Pr inc ip les  of Operation 

The expander was designed f o r  wellhead geothermal operat ion on scal ing 
f l u i d .  The p r inc ip les  o f  operzt ion are depicted i n  Figure 2-1. The geot'lermal 
f l u i d ,  a t  ?pproximately wellhead pressure, flows t o  the  t h r o t t l e  o r  f l o w  cont ro l  
valve 1, and a t  h igh ve loc i t y  enters the h igh pressure pocket formed by the  
meshed rotcrs ,  the r o t o r  case bores and the case end face. This pocket, desig- 
nated by A i n  the f igure,  i s  mostly hidden by the  r o t o r  lobes, but can be seen i n  
the  p lan sect ion view. As the r o t c r s  turn,  the pocket elongates, s p l i t s  i n t o  a 
"Vu and moves away fro*:I the i n l e t  por ts  t o  form the regions designated by B. 
With continued rotat ion,  the "V" lengthens, expanding successively t o  C, 0, E and 
F, as the po in t  of meshing of the ro to rs  appears t o  re t rea t  from the expanding 
f l u id .  The expanded f l u i d ,  a t  low pressure, i s  then discharged i n t o  the exhaust 
por ts  as they are uncovered by the  lobes. Within the machine, vapor i s  cont inu- 
ously being produced from the hot l i q u i d  phase as i t  decreases i n  pressure dur ing 
i t s  passage through the expander. The e f f e c t  i s  o f  an i n f i n i t e  ser ies of steam 
f lashers,  a l l  w i t h i n  the prime mover. Thus the mass f l o w  o f  vapor increases 
continuously as the pressure drops throughout the expansion process, and the  
t o t a l  energy stream from the wel l  i s  car r ied  t o  the lowest expansion pressure. 

Rotor- to- rotor  and rotor- to-case clearances, abnormally large fo r  a Lysholm- 
type machine, were b u i l t  i n t o  the expander t o  provide space for scale t o  form 
w i th in  the machine. The scale deposit provides corrosion pro tec t ion  f o r  o ther-  
wise exposed surfaces and improves the machine e f f i c i e n c y  by reducing leakage 
clearances past the rotors .  The scale c ladding may also provide erosion protec- 
t i o n  i n  high ve loc i t y  ent ry  impingement zones, but t h i s  hypothesis has not, been 
ve r i f i ed .  
faces t o  l i m i t  the bui ld-up of  scale i n  the expander w i th in  regions swept by the 

The ro to rs  are provided w i th  hard t i p s  on the ro to r  lobes and end 
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Figure 2-1. Helical Rotary Screw Expander, HPC Model 76-1 
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hard t i ps .  
and Lqse dimensions lowers f a b r i c a t i o n  costs and produces a machine which adapts 
i t s e l f  t o  dimensional changes caused by d i f f e r i n g  loads, operat ing temperatures, 
or pressures . 

The p rac t i ce  o f  using scale deposits t o  provide the f i n i shed  r o t o r  

Large i n i t i a l  clearances f o r  scale deposi t ion make the accumulation o f  scale 
a necessity for  maximum performance. For example, i t  can be seen i n  Figure 2-1 
t h a t  u n t i  1 scale accumulates t o  provide the f i n i shed  dimensions, f l u i d  enter ing 
the machine can bypass the high pressure pocket A and pass between the end faces 
o f  the ro to rs  and the case d i r e c t l y  t o  the exhaust. It can a lso enter the high 
pressure pocket and leak past the r o t o r  t i p s  t o  region B, then out of R between 
the r o t o r  end faces and the case d i r e c t l y  t o  the exhaust. I n  c e r t a i n  pos i t ions 
o f  the rotors ,  the cross-sectional area o f  the leakage paths from the high pres- 
sure pocket represent an estimated 25 t o  30% o f  the t o t a l  enclosing surface. I n  
other posi t ions,  the ro to rs  block the enter ing flow, and the f l u i d  f lows along 
the r o t o r  end faces d i r e c t l y  t o  the exhaust port ,  bypassing the expansion 
chambers completely. The leakage o f  working f l y i d  along these paths severely 
degrades the performance o f  the machine. S i m i l a r  losses occur throughout the 
machine from regions B through F. 

Any successful production wel l  i s  presumed capable o f  d e l i v e r i n g  f l u i d  t o  
the prime mover placed nearby. 
the expander, the f i r s t  s i g n i f i c a n t  pressure and temperature drop of  f l u i d s  leav- 
ing  the wellhead takes place w i t h i n  the expander. As Figure 2-1 shows, the inner 
face of the valve gate i s  swept by the rotors.  P a r t  o f  the k i n e t i c  energy gained 
by the f l u i d  i n  passing through control  valve T i s  de l ivered t o  the ro to rs  as 
irnpul se. 

By the placement of flow contro l  valve T w i t h i n  

The expander exhaust po r t i ng  was designed f o r  the special needs o f  a 
two-phase f l ow  machine. Special at tent ior1 was given t o  moving the l i q u i d  phase 
through the machine w i th  a minimum of  drag o r  pumping losses. These losses and 
other de f i c ienc ies  i n  the HPC 50-kW pcototype adapted f o r  geothermal service 
showed tha t  a converted compressor designed for gas service i s  inherent ly  
unsuited f o r  geothermal appl icat ion.  
misleading resul ts .  

The t e s t i n g  o f  such a machine could produce 

I n  a de ta i l ed  analysis o f  the p r i n c i p l e s  o f  operation of  the expander, 
e i t h e r  as an a id  i n  understanding the performance of  the present design o r  t o  
serve as a guide for  design improvements, i t  wmld  be appropriate t o  consider the 
performance contr ibuted by each of  three regions of  the machine, namely the i n l e t  
region, the centra l  region, and the e x i t  region. As mentioned e a r l i e r ,  i n  the 
i n l e t  region the f l u i d  gains k i n e t i c  energy, some o f  which can be del ivered t o  
the ro to rs  as impluse. The e t f i c i e n c y  o f  t h i s  process i s  somewhat dependent on 
geometry and i s  therefore under some contro l  o f  the designer. It i s  i n  t h i s  
region also where the i n l e t  p o r t i n q  i s  changed by the operation of  control  valve 
T, Figure 2-1, thus changing the expansion r a t i o  i n  the centra l  region as the 
po in t  o f  i n l e t  c u t - o f f  changes. The centra l  region i s  the region of p o s i t i v e  
displacement where the f l u i d  expansion can vary frOi'l underexpanded t o  
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overexpanded depending on load, r o t o r  speed, and i n l e t  and o u t l e t  condit ions. 
the event o f  under expansion, square card operation takes place i n  the a u t l e t  
region much as w i th  a i r  motors. 
t o  handle increased loads beyond those corresponding t o  f u l l  expansion of the 
f l u i d  w i t h i n  the machine. As the con t r i bu t i on  o f  square card operation increascc 
with load, a p o i n t  w i l l  be reached a t  which the e f f i c i e n c y  begins t o  decrease. 
This i s  t r u e  f o r  condensing operat ion as wel l  as elevated back pressure 
However, such an analysis i s  outside the  scope o f  t h i s  Project .  

I n  

This square card operat ion al lows the expander 

2. Design 

The HSE design d e t a i l s  i n  t h i s  repo r t  are l i m i t e d  l a rge ly  t o  in format ion 
released by HPC under the agreement governing i t s  p a r t i c i p a t i o n  i n  t h i s  Project .  
Some of  the d e t a i l s  are contained i n  a desc r ip t i ve  spec i f i ca t i on  prepared by HPC 
(Appendix A). Addi t ional  informat ion can be obtained from Hydrothermal Power 
Co., Ltd., Post O f f i c e  Box 2794, Mission Viejo, Ca l i f o rn ia ,  92690, o r  from HPC's 

During t h i s  Project ,  the expander design underwent three major improvements: 
the conf igurat ion,  the method o f  construct ion,  and the shaf t  seals. The i n i t i a l  
design u t i l i z e d  a cast s tee l  nousing i n  the conf igurat ion shown i n  Figure 2-2. 
I n  t h i s  conf igurat ion,  the expander exhausts v e r t i c a l l y  upward, a l lowing l i q u i d  
t o  accumulate i n  tk  exhaust section, b lock ing i t  and causing unnecessary back 
pressure. 
exhaust f lows downward from the expander (Figure 2-3). 
conf igurat ions,  the r o t o r s  must sweep unflashed l i q u i d  the e n t i r e  length of t h e  
machine, r e s u l t i n g  i n  pumping '3sses. I n  addi t ion,  the exhaust p o r t i n g  provided 
passages unswept by the ro to rs  where scale could accumulate (see Figures 2-2 and 
2-3). The t r a n s i t i o n  t o  a fabr icated s tee l  housing provided the opportuni ty t o  
manufacture the expander i n  the conf igurat ion shown i n  Figure 2-1. 
seen i n  Figure 2-1, t h i s  conf igurat ion provides un res t r i c ted  exhaust p o r t i n g  and 
a minimum o f  pumping losses. 

This disadvantage was corrected i n  the revised conf igurat ion where t h e  
I n  both of these 

As can be 

These design improvements of  conf igurat ion and method of  const ruct ion were 

The improvements i n  the shaf t  seal design were made t o  
completed before f a b r i c a t i o n  began. 
const ruct ion materials. 
correct  desiqn wecknesses revealed dur ing tes t i ng .  
segmented carbon, pressure-backed f o r  o i l  leakage i n t o  the br ine.  
dur ing acceptance t e s t i n g  were diagnosed as being caused by interference 
r e s u l t i n g  from thermal growth of  seal assembly components. Redundant seals were 
omit ted from each assembly t o  reduce the f r i c t i o n  heating, and clearances were 
enlarged where appropriate. These improvements su f f i ced  f o r  the acceptance 
t e s t i n g  done w i th  a i r  and f o r  p a r t  o f  the t e s t i n g  i n  the f i e l d  i n  1978. Addi- 
t i o n a l  f a i l u r e s  i n  1978 demonstrated a need t o  change the design. The new design 
used a combination o f  segmented c i rcumferent ia l  carbon seals, f l o a t i n g  r i n g  
seals, l a b y r i n t h  seals, and a p ro tec t i ve  b a r r i e r  of water seeping through the 
l a b y r i n t h  seals i n t o  the br ine.  
seals a t  a pressure s l i g h t l y  higher than the f l u s h  water pressure t o  prevent 

HPC consulted CFE engineers regarding 

The o r i g i n a l  shaft seals were 
Ear ly  f a i l u r e s  

O i l  was maintained behind the segmented carbon 
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Figulc? 2-2. Helical Rotary Screw Expander (Courtesy HPC, Notations Added by JPL 
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Figure 2-3. Hel ica l  Rotary Screw Expander (Courtesy HPC, Notations Added by JPL 
Technical Project Manager) 
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water i n t r u s i o n  i n t o  the o i l .  
t h i s  Pro ject  was the mod i f i ca t i on  of the i n l e t  t h r o t t l e  t r i m  t o  prevent b lock ing 
o f  the i n l e t  passage by the r o t o r  lobe faces, thus e l im ina t i ng  a water hsmner 
detected whi le  operat ing the expander w i th  compressed 1 i q u i d  feed under h i g h l y  
t h r o t t  1 ed condi t i  ons. 

Another important design improvement made dur ing 

The fundamental design philosophy was t h a t  the expander would be a commer- 
c i a l  u n i t  o f  rugged const ruct ion u t i l i z i n g  h igh q u a l i t y  components throughout, 
each selected o r  designed for long service. 
depart only s l i g h t l y  from the technology o f  the e x i s t i n g  compressor indust ry  so 
t h a t  production o f  many u n i t s  would not represent a technological problem. The 
se lect ion o f  the 1000-kW s i ze  was intended t o  provide a machine large enoush t o  
provide a c red ib le  comnercial evaluation, ye: small enough t o  permit v e r s a t i l e  
t e s t i n g  on a s ing le  well .  The r e s u l t  was a machine with two mating 16-1/2 i n c h  
diameter, hel ical ly-grooved rotors,  25-inches long (see Figure 2-1). The male 
r o t o r  i s  the d r i v e r  and has four  lobes, the female s ix .  Thus, f o r  a 3000-rpm 
output shaf t  speed, the female r o t o r  turns a t  2000 rpm. Sychronizing t im ing  
gears were used. 

I n  p r i nc ip le ,  the design would 

The ro to rs  were machined from sol id ,  one-piece Type 410 s ta in less  s tee l  
forgings t o  provide s u f f i c i e n t  strength for  100-psi d i f f e r e n t i a l  pressure across 
the r o t o r s  a t  speeds up t o  5000 rpm. The ro to rs  are supported i n  t i l t - p a d  r a d i a l  
bearings and are posi t ioned by se l f -equa l i z ing  t h r u s t  bearings. The lobes and 
end faces o f  the ro to rs  were hard t ipped t o  provide wear-resistant surfaces t o  
l i m i t  the growth o f  scale on the opposing surface. The rotors ,  r o t o r  housing 
midsection, and low pressure end were fabr icated o f  Type 304 s ta in less  s tee l  as a 
concession t o  the ox id i z ing  condi t ions expected dur ing i n t e r m i t t e n t  evaluat ion 
test ing.  The housing high pressure end was fabr icated of Type 4142 corrosion 
res i s tan t  s tee l .  
i n  the published paper i n  Appendix C was carbon s tee l  throughout.) 

( I n  contrast .  the 50-kW prototype discussed i n  Section I.C. and 

The housing was h y d r o s t a t i c a l l y  tested t o  meet ASME B o i l e r  and Pressure 
Vessel Code - Section V I I I ,  Rules f o r  Construction o f  Pressure Vessels. The 
i n l e t  and high pressure regions were i so la ted  from the midsection and wsre 
h y d r o s t a t i c a l l y  tested t o  1080 ps ig  t o  meet o r  exceed a 300-pound ANSI  ra t ing.  
The midsection dnd low pressure regions were tested a t  450 ps ig  t o  meet o r  exceed 
a 150-pound ANS! raised-face f lange rat ing.  The maximum al lowable feed condi t ion 
i s  625 ps ig  a t  500r1 . 

The gate-type t h r o t t l e ,  or  governing valve, T, (see Figure 2-1) i s  regulated 
h y d r a u l i c a l l y  by a s ignal  from a mechanical f l y b a l l - t y p e  governor ac t i ng  through 
a hydraul ic  servo-mechanism. The gcvernor system hydraul ics draws o i l  f r o m  the 
same o i l  system which provides l u b r i c a t i o n  and cool ing f o r  the expander bearings 
and shaft seal assemblies. 



C. POWER PLANT 

The p r inc ipa l  components o f  the HSE power p lant  are the expander, a speed 
reducer and an a l t e r n a t o r ,  mounted and al igned on a s t ruc tu ra l  steel  base, and a 
l u b r i c a t i o n  o i l  console. The power p lant  i s  described by HPC i n  the descr ip t ive 
spec i f i ca t i on  i n  Appendix A, and i s  shown d i a g r a m d i c a l l y  i n  Figure 2-4. The 
main assembly i s  6-feet wide, 8-feet l - i n c h  high, 25-feet long, and weighs 
approximately 25,000 pounds, as shown i n  Figures 2-5 and 2-6 (see a lso 
Figure I-1). 
the o i l  console and fan-cooled heat exchanger are shown i n  Figure 2-8. 

The gear box i s  shown connected t o  the expander i n  Figure 2-7, and 

As stated e a r l i e r ,  the power p lan t  was designed t o  operate as a s e l f -  
contained u n i t .  A design ob jec t i ve  i s  outdoor, unattended operation f o r  extended 
periods. The p lant  has i t s  own controls,  panel-mounted instruments, and a safety 
shutdown system t o  provide p ro tec t i on  against equipment fau l t s .  A l l  equipment 
necessary for  s t a r t i n g  on geothermal f l u i d  i s  mounted on-board. The instruments 
measure and display a1 ternator  frequency, voltage, current,  k i l o w a t t  hours and 
elapsed t i m t .  
mounted on the instrument panel. For t e s t  purposes, prov is ion was made f o r  
remote adjustment o f  frequency and voltage. The f a u l t  protect ion system monitors 
underspeed, overspeed, o i l  supply overtemperature, o i l  supply underpressure, 
shaf t  seal low d i f f e r e n t i a l  pressure, shaft  seal low f l u s h  water flow, and v ibra-  
t i on .  The p ro tec t i on  system works i n  conjunction w i th  an on-board automatic stop 
(AS)  gate valve i n  the feedl ine t o  the expander. 
valve a r e  shown i n s t a l l e d  i n  the feedl ine i n  Figure 2-9. The AS actuator can be 
seen i n  Figure 2-8. An overspeed f a u l t  and emergency stop button near the 
instrument panel cause t h i s  valve t o  close f u l l y  w i t h i n  1 second. A normal stop 
button on-board, and a l l  other f a u l t  condit ions, cause t h i s  valve t o  close w i t h i n  
15 seconds. 
stop remote from the power system. 
contro ls  which overr ide the governor t o  provide a back-up emergency stop, 
sequenced t o  occur j u s t  a f t e r  the automatic stop valve signal occurs. 

Controls f o r  frequency, vol tage and generator output breaker are 

A b lock ing valve and the AS 

Provis ion was also made f o r  cont ro l  of  emergency stop and manual 
The ,xpander t h r o t t l e  valve i s  closed by 

The power p lant  was designed t o  produce 60-Hertz power from the a l t e r n a t o r  
operat ing a t  1800 rpm. Since the optimum speed o f  the expander i s  not known, the 
speed reducer was supplied w i th  three gear sets t o  permit i nves t i ga t i ng  the 
expander performance when operat ing the power output shaft  (male r o t o r )  a t  speeds 
3 f  approximately 3000, 4000 and 5000 rpm. JPL required a v i b r a t i o n  and to rs iona l  
analysis f o r  a l l  three gear sets. No v ib ra t i on  nodes appeared w i t h i n  the speeds 
corresponding t o  the three gear set5. 

Safety considerations were given t o  the consequences o f  seizing, o r  jamming, 
o f  the expander rotors.  The expander and the speed reducer both have pai rs  of 
cont rarotat ing parts,  although not of matching i n e r t i a s .  Thus, ne i the r  d r i ve  
t r a i n  component has appreciable net angular momentum. 
since i t  has a s ing le r o t a t i n g  part .  Therefore, a <hear coupling was i n s t a l l e d  
between the speed reducer and the a l te rna to r  so tha t  the a l te rna to r  could con- 
t i n u e  t o  r o t a t e  i f  the expander and speed reducer stopped abruptly. L i t t l e  o r  no 
overturning momentum would be applied t o  the power p lan t  main assembly. 

Only the a l te rna to r  does, 

I n  
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Figure 2-4. He l ica l  Screw Expander, 1-MW Power System (Courtesy HPC)  













addit ion,  an analysis made by HPC of the consequence o f  t r a n s f e r r i n g  the angular 
momentum of the a1 te rna to r  t o  the main assembly under free-standing condi t ions 
showed t h a t  the assenhly would not be overturned f o r  a normal i n s t a l l a t i o n .  The 
benef i ts of the process p ip ing  connections t o  the expander were not included i n  
the analysis. 

The t e s t i n g  of the HSE i n  1979 t o  confirm the adequacy of the overhaul 
revealed the need t o  i n s t a l l  a water separator t o  remove f l u s h  water which leaked 
i n t o  the o i l  passing through the new seal assemblies. Alsa needed was a non- 
pu ls ing punp f o r  supplying the f l ush  water. The need f o r  a jack ing motor was 
a lso confirmed. The needed hardware was i n s t a l l e d  by HPC i n  Mexico under DOE 
contract. The i n s t a l l a t i o n  was outside the scope of t h i s  Project .  The hardware 
i s  included i n  the descr ip t ion spec i f i ca t i ons  (see Appendix A). 
of the power p lan t  t o  50-Hertz operat ion by HPC i n  Mexico w i t h  DOE funding p r i o r  
t o  shipment t o  I t a l y  i s  not included i n  the desc r ip t i ve  speci f icat ion.  

The conversion 

D. LOAD BANK 

A 1000-kW transportable load bank (Figure 2-10) was provided f o r  imposing a 
var iab le e l e c t r i c a l  load on the power p lan t  for  t e s t  purposes a t  any t e s t  s i t e .  
A capt ive load such as t h i s  permitted a t e s t  f l e x i b i l i t y  which would have been 
impossible otherwise. The load bank consisted o f  two 6-foot duct heaters, each 
w i th  blowers and relays and a switch panel (Figure 2-11) t o  permit manually 
adding or  removing e l e c t r i c a l  load i n  u n i t s  o f  50 kW o r  more. 
u n i t s  were two 5Q-kW, two lOO-kW, one 200-kY and one 500-kW. Each increment 
loaded the three phases o f  the a l te rna to r  equal ly through the use o f  matched 
lengths of four-wire 500 MCM cable per phase. 
a i r - f l o w  switch, and p ro tec t i ve  ,n ter lock c i r c u i t r y  required t h a t  both fans be i n  
operation before the main breaker on the load bank could be closed. Thus, the 
t i r s t  load increment was an induct ive load of  approximately 10 horsepower from 
the two fans. I n  addi t ion,  each duct sect ion was protected w i th  three thermal 
switches, each in ter locked with the main breaker. E l e c t r i c a l  i n te r l ocks  were 
a lso provided on the doors c r ’ w i n g  the fuse panels and terminal box. The load 
breakers were provided w i th  cr ’ )  c o i l s  t o  ?errnit load shedding accordinq t o  an 
independent log ic .  The two iOO-kW loads were shun t - t r i p  connected t o  two waste 
water pumps so t h a t  100 kW could be shed upon s t a r t i n g  e i t h e r  pump, provided the 
corresponding load was on-l ine. A f t e r  shedding, the c i r c u i t  breaker could be 
reset and reloaded. The load bank was provided w i t h  f a u l t  condi t ion switches so 
thd t  shutdown by f a i l u r e  of  e i t h e r  fan, o r  by thermal overload, could he detected 
by the computer. F i t t e d  weather-proof s l ipcovers were provided fo r  the fan 
shrouds separately, and f o r  the rest  of the structure.  L i f t  po ints  for  a fork-  
1 i f t  truck were provided i n  the base structure.  

The r e s i s t i v e  load 

Each fan was monitored by an 

E. DATA SYSTEM 

1. Functions 

The data system was designed, fabr icated and operated t o  perform the 
fo l lowing funct ions:  
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(1) Co l l ec t  data from transducers i n  the power system and the  t e s t  
process. 

(2) Reduce the data and ca l cu la te  the performance o f  the expander. 

( 3 )  Display the t e s t  parameters and performance versus t i m e  on p r i n t e d  
logs t o  provide process contro l  assistance on a permanent record. 

(4 )  Record the data on magnetic tape automat ical ly,  o r  a t  operator 
d i  scret  i on. 

(5) Monitor the safety  shutdown system i n  the HSE power syst-m fo r  
f i r s t  f a u l t ,  and record the f a u l t  and one complete set o t  measured 
data e x i s t i n g  j u s t  before the f a u l t  occurred. 

(6 )  Monitor operat ing pardmeters and provide a warn 
an "out-of-range" condit ion. 

( 7 )  Process the t e s t  r e s u l t s  by r e t r i e v i n g  the data 
analyzing it, and p r i n t i n g  o r  p l o t t i n g  the resu 
ways according t o  operator i ns t ruc t i ons .  

ng i n  the event o f  

stored on tape and 
t s  i n  a va r ie t y  o f  

2. Objectives 

Many object ives and fac to rs  were considered i n  designing the data system 
and se lect ing the equipment. 

a. Precis ion and S t a b i l i t y .  It was considered necessary t h a t  the data 
system be precise and s tab le so t h a t  the approach t o  steady-state operation o f  
the HSE could be monitored dur ing periods o f  scale deposi t ion w i t h i n  the machine. 
Because o f  loading and thermal e f fects ,  the dimensions o f  the expander r o t o r s  and 
case were expected t o  change s l i g h t l y  as operat ing condi t ions were changed, 
abrading scale away from some areas and opening up clearances i n  others. 
continued operation, scale deposi t ion would occur prov id ing new f in ished dimen- 
sions and res to r ing  performance l o s t  because o f  the new clearances. 
mum t e s t  wel l ,  t h i s  process was predicted by HPC t o  occur w i t h i n  a few hours. 

With 

For an o p t i -  

b. Accuracy. 

This informat ion was used i n  w r i t i n g  the spec i f i ca t i ons  f o r  the 

A t a rge t  accuracy o f  two percentage points  was chosen f o r  
e f f i c i e n c y  determination. 
made t o  determine the r e q u i s i t e  accuracy o f  each measurement f o r  each candidate 
t e s t  process. 

An e r r o r  analysis based on per turbat ion theory was 
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data acquis i t ion.  Subsequently, an u n c e r t a i n i t y  analysis showed t h a t  a root  mean 
square uncer ta in ty  i n  e f f i c i e n c y  determination o f  less than 5% could be expected 
f o r  a l l  tests.  

c. Ewironmental Control. The harsh environment expected i n  the f i e l d  
made i t  necessary t o  provide a con t ro l l ed  environment for  the conputers and other 
data a c q u i s i t i o n  hardware. 
t r a i l e r  w i t h  su i tab le  instrument racks, t a b l e  space, l i g h t s ,  a vest ibu le and a i r  
condi t ioning. The instrument t r a i l e r  i s  known as the Data Van i n  t h i s  Pro ject  
and i s  described nore f u l l y  l a t e r .  

This was accomplished by o u t f i t t i n g  an insu lated 

d. - Stable Power Supply. An uninter ruptable power system (UPS) was 
i n s t a l l e d  i n  the  i lata Van t o  provide r e l i a b l e ,  regulated power t o  the d a t a  sys- 
tem. The UPS u t i l i z e d  an i n v e r t e r  which drew power from b a t t e r i e s  t o  give vo l -  
tage and frequency regulat ion.  The b a t t e r i e s  were maintained w i th  an UPS ba t te ry  
charger dur ing normal operation, bu t  provided approximately 15 minutes o f  opera- 
t i o n  i n  the event o f  loss o f  source power. This arrangement allowed f o r  drawing 
operat ing power f o r  the data system from the HSE power system without concern f o r  
frequency v a r i a t i o n  or  unplanned shutdown dur ing the test ing.  This a lso allowed 
f o r  ad jus t i ng  the HSE power system output voltage as a means of ad jus t i ng  the 
system load dur ing the tests .  The UPS can re lay  the unregulated source power t o  
the  data system. 

e. A u x i l i a r y  Power. I n  the t e s t  planning, i t  was assumed tha t  the t e s t  
Therefore, prov is ion was made t o  supply s i t e s  might not have e l e c t r i c a l  service. 

standby power fpom an engine generator f o r  pre- test  and post - test  instrument 
c a l i b r a t i o n s  and f o r  general t e s t  preparations. Two o l d  engine generators 
borrowed from JPL f o r  t h i s  purpose fa i l ed ,  one i n  1979 and one i n  1979. As a 
consequence, four  other u n i t s  were used a t  d i f f e r e n t  times, two i n  the nearby 
P h i l l i p s  t e s t  i n s t a l l a t i o n ,  one i n  a mobile o f f i c e  used by the Pro ject ,  and 
another borrowed from JPL. The l o s t  time, repai rs  and ex t ra  shipping cost more 
than a new one would have. 

f. Cal ibrat ion.  I n  the se lect ion o f  process instruments, c a l i b r a t i o n  
i n  the f i e l d  was a desirable factor .  
f i e l d  c a l i b r a t i o n  o f  pressure and d i f f e r e n t i a l  pressure transducers, and f o r  
temperature measurements. The f low meters were not f i e ld -ca l i b ra ted .  The o r i -  
f i c e  meters, whose measurements were c r i t i c a l  t o  the t e s t  resu l t s ,  used o r i f i c e  
p la tes and meter runs manufactured t o  speci f icat ions i n  conformity w i t h  ASME 
standards. The vortex-shedding f l o w  meters used meters runs w i th  corresponding 
spec i f i ca t i ons  and factory-ca l  i b ra ted  frequency-to-current convert(-rs. The kW 
and kWh instruments were checked against one another, and were post -ca l ibrated by 
the manufacturers. The frequency instruments were ca l i b ra ted  against the loca l  
u t i l i t y  power before being sent t o  Utah. 

Ca l i b ra t i on  equipment was provided f o r  t he  
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g. Spares. Some redundancy was provided i n  spare pa r t s  and instruments 
fo r  the data system although the spare pa r t s  l i s t  tended t o  be h igh l y  se lec t i ve  
and not large. 
P h i l l i p s '  FTF separator f o r  pressure and leve l .  The JPL process i n s t a l l a t i o n  was 
a lso instrumented pa r t  way through the tes ts  t G  measure waste tank leve l  and 
waste punp pressure f o r  addi t ional  process informat ion which was used t o  good 
advantage i n  perforininq the tests.  

The small inventory of spares permit ted instrumenting the 

h. F i e l d  M o t o i l i t  . The equipment layout and assembly was done wi th  the 
awareness o f  the need + or m o b i l i t y  t o  al low i n s t a l l i n g  the t e s t  equipment a t  
successive t e s t  s i tes.  
Section I I .G. 

This l e d  t o  the t e s t  array concept discussed i n  

i. Signal Compat ib i l i ty  and Processing. The transducer s ignals can be 
grouped as fo l lows;  
Signal condi t ioners converted these signals i n t o  voltages o f  0 t o  fl Volt ,  which 
ars compatible w i th  the desk-top corr,puter used i n  the data logging. The 0 t o  
1 mA and 4 t o  20 mA s ignals used 1000-ohm and 50-ohm load r e s i s t o r s  repect ive ly  
t o  provide the r e q u i s i t e  voltage signals. Ttle frequency signals from the 
vortex-shedding f low meters were converted t o  4 t o  20 mA signals. 
dnd anperage signals var ied l i n e a r l y  w i th  the va r ia t i ons  i n  the measured 
parameter over tne T g i o n  o f  i n te res t .  Plat inum resistance thermometers were 
used w i th  br idge conplet ion assemblies, sime of which used l i n e a r i z i n g  a m p l i f i e r s  
t o  provide hiqh accuracy l i nea r i zed  o u t y i t  voltage signdls. 

0 t o  1 m4, 4 t o  20 mA, 0 t o  20 mV, frequency and resistance. 

A l l  voltage 

3. Data i d e n t i f i c a t i o n  and Treatment 

The voltage s ignals  f o r  43 parameters were read i n t o  an X(J) vector by 
the computer, converted i n t o  appropriate parameter u n i t s  by the fo l lowing equa- 
t i on ,  and stx-ed i n  an a and b m a t r i x :  

a (J )  + b ( 3 )  X(J)  Vol ts  = X(J) (1) 

The coe f f i c i en ts  a(3) and b ( 3 )  were determined by ca l i b ra t i on ,  where appropriate, 
and the calculated and input  values of  the parameters were compared. I n  t h i s  way 
the transducer 1 i n e a r i t y  and c a l i b r a t i o n  accuracy were v e r i f i e d .  For  purposes o f  
i l l u s t r a t i o n  and referer???, the f i n a l  c a l i b r a t i o n  coe f f i c i en ts  of the Utah t e s t -  
ing are given i n  Appendix €3. 
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4. Data System Hardware 

The p r i n c i p a l  data system equipment, other than the transducers, i s  

T9e temperature transducers are 
l i s t e d  i n  Table 2-1. 
4 t o  20 mA s ignal ,  are l i s t e d  i n  Table 2-2. 
l i s t e d  i n  Table 3-3 and the remaining transducers are l i s t e d  i n  Table 2-4. 
power supplies, s ignal -condi t ion ing equipment , computers, p r i n t e r s  and i n t e r -  
facing equipment o f  the data system are shown i n  Figures 2-12 and 2-13. 
system i s  described i n  more d e t a i l  i n  a data system hardware manual (Ref. 3 ) .  

The pressure and flow transducers, a l l  of which produce a 

The 

The data 

5. D a t a  System Software 

I n  the course o f  t e s t  preparation, t e s t i n g  and data analysis, numerous 
computer programs were aeveloped, some of which became obsolete. 
c a l i b r a t i o n  and i n s t a l l a t i o n  programs f o r  the data system were w r i t t e n  by JPL, 
but were l a t e r  superseded by operat ing prograins which were developed i n  the f i e l d  
dur ing t e s t  operations as the data system usage and expander t e s t  procedures were 
refined. 
Dr. E. F. Wahl o f  Wahl Co., Claremont, Ca l i f o rn ia ,  a ,  were the f i n a l  c a l i b r a t i o n  
programs. Some o f  these programs make use o f  the e a r l i e r  JPL programs. 
operat ing and analysis programs u t i  1 i ze a subroutine f o r  the termodynamic proper- 
t i e s  o f  steam adapted by Bosco Engineering, Whi t t ier ,  Cal i fc rn ia ,  from a United 
States Department of the Navy Fortran program and procured from Bosco Engineering 
f o r  use i n  t h i s  Project .  
a software manual (Ref. 4)  prepared by Dr.  Wahl. These programs are: 

The ea r l y  

A l l  operat ing programs and data analysis programs were w r i t t e n  by 

The 

F i f t een  o f  the most useful programs were documented i n  

CALIBRATION PSOGRAM SET 
Transducer Csl i b r a t i o n  
C a l i b r a t i o n  D a t a  F i l e  Correct ion 
a 8 b Calcu lat ion 
a & b Calcu lat ion Using Selected D a t a  Sets 
Enter a & b Values i n t o  Data F i l e  

OPERAT I NG PROCRAM SET 
I n i t i a l i z e  D a t a  Cassettes 
Enter F a u l t i n g  Device Names 
Enter TDS and C02 Concentrations 
Enter O r i f i c e  Sizes 
Operating Program I :  Start-up Program 

Operating Program 11: 
Operating Program 111: Shutdown Program 

( I n c l  udes Operating Program I I I : 

( Includes Operating Program I: 

Shutdown Program) 
Main Operating Program 

Start-up Program) 

DATA ANALYSIS PROGRAM SET 
Raw D a t a  Operating Log Calculat ions 
Instantaneous D a t a  t o  Averaged D a t a  Conversions 
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Table 2-1. P r inc ipa l  D a t a  System Equipment 

Quan t i t y  Descr ip t ion 

1 

1 

2 

Instrument rack containing: 

Uninterruptable power supply w i t h  
i nve r te r ,  b a t t e r i e s  and ba t te ry  charger; 
Del t e c  Corporation, DSU 1210 

Instrument rack containing: 

24-VDC power supplies f o r  f i e l d  
transducers; JPL 

20-channel b. idge a m p l i f i e r  f o r  
resistance temperature transducers; 
Hy-Cal Engineering; Model ESD-90254 

6-channel h igh accuracy modular br idge 
a m p l i f i e r  wi th l i aea r i zed  output, matched 
t o  resistance temperature transducers; 
Hy-Cal Engineering; Model ESD-40504 

Multiprogrammer; Hewlett-Packard; 
Model 6940 B 

Mu1 tiprogrammer in tevface;  
Hewlett-Packard; Model 59500A 

D i g i t a l  calendar c l  ock; Hew1 e t t  -Packa r d  ; 
Model HP-If3 59309A 

Fast analog s t r i p  chart  recorder w i t h  
12-channel s ignal  attenuator; Honeywell ; 
1508 V i  s icorder 

Flow in tegrators ;  Rochester Instrument 
Systems 

10-VDC power supply and signal  
condi t ioner  f o r  t h rus t  bearing load 
c e l l s ;  Revere Corporation of America 

Signal conditioner,, f low in teg ra to rs  and 
r a t e  meters a l l  w a l l  mounted f o r  two 
vortex shedding f low meters; Neptune 
Eastech 
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Table 2-1. (Cont'd) 

- 
Quatit i t y  Descr ip t ion - 

Instrument rack containing: 

1 Frequency meter. panel mounted 

1 Vol t  meter, panel mounted 

1 

1 each 

1 

2 (1 i n  1978) 

1 

1 (1978 t e s t s  only)  

2 (1979 t e s t s  on ly)  

K i  1 owatt hour counter for  monitor ing kWh 
logged a t  HSE power p lan t  

Voltage, frequency, stop, and emergency 
stop remote contro l  f o r  the power plant,  
panel mounted 

Waste tank high and low l e v e l  alarms and 
alarm s i lence contro ls ,  panel mounted 

Table wi th :  

Computers; Hewlett-Packard; Models 98254 

Calculator;  Hewlett-Packard; Model 97 

P r in te r ,  Hewlett-Packard; Model 2671A 

Pr in te rs ;  Hewlett-Packard; Model 2631A 

Accessories: 

Aneroid barometer; Wallsce 
Model 62A-4A-0100, 0-16 ps 

Low Dressure c a l i b r a t o r :  W 

& Tiernan; 
a 

1lac.e & 
Tiernan; Series 1500, 01280 in.  H?O 

Dead weight t es te r ;  Ashcroft;  IBX 8558, 
two piston; 0-3250 p s i  

Decade r e s i s t o r ;  General Radio; 
Model 14327 

Transmit ter / recei  ver radios; General 
E l  ec t  r i  c ; Mast r PE56RASAHX 
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Table 2-1. (Con,'d) 

Quantity Descri p t  i on 

1 

2 

Persona! hadio Charsee Rapid Three wi th  
microphone; General E l e c t r i c  

Communication headsets for  noisy areas; 
David Clark Co., Inc.; Straightaway; 
Model No. 12510G-02/C1-636-11 
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Table 2-2. Pressul e and Flow Transducersa 

S /  N ----- Symbol Make Model Range 

Ps 

P f  

P2 

Y f  

Mv 

P W  

Pv 

P 1  

Mw 

Mv 

Ls 

L W  

Spare 

Spare 

tiou 1 d/ 
S t  a t  ham 

GoulC/ 
Statham 

Gou Id /  
Statham 

Rosemomt 

Ro s emou n t 

Gou 1 d/ 
Statham 

Rosemount 

Rosemou n t  

‘‘e? t u ne / 
Edstech 

Nep t u ne / 
Eas 1 ech 

Rosemount 

Rosemount 

Rosemount 

Gou 1 d/  
S t a t  ham 

PA- 1000- 1000- 15 

PA-1000-1000-15 

PA-1000-0050-15 

11 51 DPJE22MR 

1151DP4E22MB ’ 

PG-1000-1000-11 

115 1GP8E 22MB 

1 151 GP8E 22MB 

4105-050-031-100-0 

4105-050-031-210-0 

115 1 DP5E22MB 

1 151 DP 5E22MB 

1151DP5E22MB 

PA- 1000-0050- 15 

0-!a00 ps ia  

0-1000 ps’ 3 

0-50 ps ia 

(0-25/180 in.)b 
0-180 in. H20 d 

0-100 in. H#I d 

0-1000 ps ig  

(O-25/150 in . )  

0-1000 ps i  g 

0-1000 p s i g  

0-400 gpmC 

0-400 ’jpmc 

(0-125/750 in.) 
0-759 in.  ti20 d 

(0-125/150 in.) 
0-750 in.  1420 d 

(O-125/750 in.) 
0-750 in. HzO d 

0-50 psia 

5001 

15000 

15007 

90722 

95286 

12172-A 

6406 1 

64062 

7710211-1 

7710111-2 

89379 

89377 

90085 

15004 

aAccuracy 0.25% o f  ca l ibrated range. 
bParentheses denote var iable range. 
CVortex-shedd i ng f 1 ow meter. 
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Table 2-2. (Cont'd) 

Symbol Make Model Range S/N 

Pd Gou 1 d/ PG3000-01M-12-11 (0-2~0/1000)  
Statham 0-1010 psia or psig 

Gou1 d/ PG30GO-200-12-11 (0-40/200) 
Stat  ham 0-200 psia or  p s i g  

PA 

PA Gouldl PA1000-0200- 15 0-200 psia 
S t  a t  ham 

Gould/ PA1000-0050- 15 0-50 psia 
Statham 

PB 

15002 

17123 

p1: a u l d /  PA1000-0050- 15 0-50 psia 
Statham 
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Table 2-3. Process Temperature Transducers 

ajXbOl Length, in .  RTD No. 

4 91 

4 90 

4 88 

3 98 

4 95 

T S  

TO 

T f 

T V  

T l  

Tr 

spares 

6 

3 

2 @ 3  
1 @ 6  

94 

99 

Platinum, 100 ohm a t  0 O C  = 0.00385 ohm/ohm/OC (nominal), 3 wire. 
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Table 2-4. Other Transducers 

Symbol Hake Model Range Signal S /  N 

Th-Brg r ) - Z h V  

V Sci ent i f i c VT-11022 
Columbus 

I S c i e n t i f i c  CT510A2 
Columbus 

0-1 mA 

0-1 mA 

F req S c i e n t i f i c  6284A 55065HE 0-1 mA 
Columbus 

kW Scienti  f i c DL31K5A2-2 0-1200 LW 0-1 mA 

Th% Bourns 5184 0-5000 ohm/ PNZ051840405-1 
Columbus 

4 in .  
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Averaged D a t a  Calculated and Results Stored i n  

D a t a  Management o f  Z Matr ix  Data 
P l o t  Analysis o f  Z Matr ix  Data 

Z Matr ix 

6. Display and Logging of  D a t a  

The d isp lay ing o f  data was accomplished by the operat ing computer on one 
or  more p r in te rs .  I n  the t e s t  planning ca lcu lat ions,  P was used t o  denote power, 
p was pressure, t was temperature, X was steam qua l i t y ,  m was flow rate, and sub- 
s c r i p t s  were used t o  i d e n t i f y  which one. 
expander i n l e t  condit ions. A c o n f l i c t  arose w i th  the use o f  the computer, 
because the p r i n t e r s  cannot p r i n t  subscripts, and X was used by the programmer t o  
i d e n t i f y  a data matrix. 
P1, T1  and Q1, and f low was logged as M. 
always shaft  output power, but it was tabulated as kWs, whereas kW was logged fo r  
a l t e r n a t o r  output. These transformations are t y p i c a l  throughout t h i s  Project .  
Therefore, PD and Pd are equivalent, and ps and Ps are equivalent. 
THROT% and T r t %  and T% and th% and Thr%. 

Thus p i ,  ti, and X 1  ind icated 

Therefore, the expander i n l e t  condi t ions were logged as 
P without a subscript,  o r  suff ix, was 

So are 

During the acceptance t e s t i n g  o f  t l le HSE power p lan t  i n  1977, and dur ing the 
ea r l y  f i e l d  t e s t i n g  i n  Utah i n  1978, the measured and calculated parameters were 
displayed on the 2-1/4 inch wide thermal p r i n t e r  o f  the computer (Figure 2-14). 
A f te r  the f i e l d  t e s t i n g  begzn, programing changes were i n i t i a t e d  t o  d isp lay the  
data w i th  a 17-inch wide impact p r i n t e r ,  leav ing the thermal p r i n t e r  ava i l ab le  
f o r  special displays. Examples of these special d isplays are the machine status,  
process status and performance r e s u l t s  (Figure 2 ' G ) .  
p r i n t e r  data d isp lay f o r  the 1978 t e s t i n g  i s  shown i t .  Figure 2-16, i n  which t h e  
t e s t  data and process parameter nomenclature are i d e n t i f i e d  across the top. 
p r i n t  frequency could be var ied by operator i n s t r u c t i o n  t o  provide s u i t a b l e  
monitor ing o f  the process status. Process v a r i a t i o n  was e a s i l y  detected and when 
the condi t ion o f  steady s ta te  was reached, 10, 20, o r  30 complete samples of 
unprocessed data were logged as sets on tape by the computer i n  response t o  
operator i ns t ruc t i on .  
sets by number. 

A sample of the impact 

The 

The computer logged the event and i d e n t i f i e d  these data 

For the 1979 tes t i ng ,  two higher speed p r i n t e r s  were used (see Figure 2-12). 
The r i g h t  hand, or  operating p r i n t e r ,  provided a permanent record of  data logged 
a t  a minimum frequency o f  about 12 seconds which included the ca l cu la t i on  9f 
expander ef f ic iency,  as i n  1978. Figure 2-17 shows Run No. 13, November 13, 
1979. (The data showing i n e r t  gas content i n  the steam has been deleted from 
t h i s  tab le  and elsewhere i n  t h i s  repor t  because i t  i s  p rop r ie ta ry  informat ion no t  
yet released by P h i l  1 ips  f o r  pub1 i ca t i on .  ) 
used i n  the ca lcu lat ions,  were averaged values, which tended t o  mask va r ia t i ons  
i n  the process. 
process parameters i n  l a rge r  p r i n t  without tak ing the time t o  ca lcu late the 
e f f i c i ency .  This record was a fas t  response log, useful  f o r  s c r u t i n i z i n g  the 
status o f  the process i n  d e t a i l  dur ing process adjustments, or p r i o r  t o  recording 

The parameters displayed, which were 

The second p r i n t e r  displayed unaveraged values of most of the 
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Figure 2-14. Examples of Tharinal P r l n t e r  Operating Logs as Produced by Early 
Oparatlng Programs 
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Figure 2-15. Examples of Thermal P r i n t e r  Special Displays as Produced by the 
Final  Operating Program 
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data on tape. A sample o f  the f a s t  response l o g  i s  shown i n  Figure 2-18. An 
example o f  data logging sequenct can be seen w i t h i n  the two f igures.  I n  
Figure 2-17, the f a s t  response l o g  was ca l l ed  f o r  a t  t ime 13:14:03, and the c a l l  
was logged. Data logging then switched t o  the  f a s t  response l o g  a t  13:14:15, 
where the system recorded and displayed f i v e  rows of process data a t  four succes- 
s i ve  i n t e r v a l s  o f  about 11 seconds. 
rates, t h r o t t l e  p o s i t i o n  T r t % ,  power kW and frequency f req  (see Figure 2-18). 
Shor t ly  a f t e r  13:15:06 (see Figure 2-17), i n s t r u c t i o n s  were given t o  the computer 
t o  l o g  f i v e  samples of data on tape as Set No. 80. 
a t  13:16:17, w i t h  the f i f t h  sample being recorded i n  F i l e  No. 29 as logged. 
coincidence, t h i s  record was fol lowed sho r t l y  by an automatic recording o f  an 
averaged unnltmbered set o f  data i n  F i l e  No. 30, as can be seen under the F i l e  
headin!. Another s i m i l a r  data inspect ion and logging sequence began a t  13:19:16 
w i t h  the c a l l  f o r  a f a s t  response log. The f a s t  response l o g  began 3 seconds 
l a t e r .  The subsequent recording o f  another set o f  f i v e  f i l e s  o f  data as Set No. 
81 was completed, with the l a s t  F i l e  No. 35 recorded a t  13:20:33 as ;hewn. 
the  urgency o f  3 very severely l i m i t e d  t e s t  schedule, the high leve l  o f  con f i -  
dence i n  the d a u  system made i t  feas ib le  for  these three sets of data t o  repre- 
sent the t o t a l  t e s t  record f o r  two d i s t i n c t l y  d i f f e ren t  operat ing condi t ions a t  
approximately 3/4-MW load as can be seen by comparing the i n l e t  pressure P1 and 
t h r o t t l e  p o s i t i o n  T r t %  f o r  the three sets. 
record i n  F i l e  No. 36 was c l a s s i f i e d  as "No good" by operator notat ion.  Also, a 
new t e s t  condi t ion i s  ind icated as being at ta ined by the l a s t  row of  data on the 
page. 

Note the steady Mw, Ms, M f  and Mv f low 

This operation was completed 
By 

Under 

It can be seen t h a t  the automatic 

An example o f  the main operat ing l o g  w i t h  s tdr t -up and shutdown informat ion 
fo r  pa r t  of Run No. 13, on November 13, 1979, i s  shown i n  Figure 2-19. The t e s t  
ob ject ives of 750 kW and 1000 kW f o r  various i n l e t  condi t ions were entered by the 
operator j u s t  below the heading. I n  add i t i on  t o  the run number, date and time, 
the  heading displays the o? i  f i c e  diameters, the d isso l  ved sol i d s  content o f  the 
water, and the content of impur i t i es  i n  the steam i n  weight percent (which are 
used i n  the ca lcu lat ions) .  The cumulative values o f  energy produced, l i q u i d  and 
steam received from the  FTF, and waste water returned as o f  the end o f  the 
previous tes t ,  are ca lcu lated and a lso automat ical ly displayed i n  the heading. 
The data l o g  o f  Figure 2-19 ccntinues on the second page, whew a t e s t  shut-down 
was recorded. 
operat ing program detected an underspeed condi t ion as the f i r s t  f a u l t .  
event t r i gge red  the computer t o  l o g  the voltage of the 43 parameters of  the X 
vector from the l a s t  data scan p r i o r  t o  the f a u l t  event. 
l a t i v e  values discussed above were automat ical ly calculated and logged along w i t h  
the t ime .  An added note recorded by the operator ind icates t h a t  the p lant  was 
stopped by a process d i f f i c u l t y  associated w i th  the s t a r t i n g  of the waste pmp. 
Notes such as t h i s ,  entered i n  the operating log, are easier t o  co r re la te  w i t h  
the t e s t s  than notes entered fn  notebooks. 

The record shows t h a t  the f a u l t  system monitor ing feature o f  the 
The f a u l t  

I n  addi t ion,  the cumu- 

The t e s t i n g  a t  Cerro Pr ie to,  Mexico, was conducted by CFE using the JPL data 
system and an operat ing program based on JPL operat ing programs used !,I Utah. 
The same c a l i b r a t i o n  procedures and a and b matr ix  were used, and a l l  re levant 
t e s t  parameters were assigned t o  the same 3 values o f  computer memory as i n  Utah. 

2- 38 



ORIGINAL PAGE !S 
OF POOR QUALITY 

lIHE T r  1 s  l o  T f  T I  P I  P f  Y v  PI P w  nu HI 
I1 45 19 97 364 363.7 368.1 3b4.7 178.9 220 215 227 436 a6 0 
11 45 31 77 364 363.9 368.3 3h4 7 176.7 220 216 227 4 1 7  96 0 
11 45 43 97 365 363.7 368.3 364.'/ 177.7 222 216 227 437 F b  0 
11 45 54 97 365 3 6 4 . 1  368.2 3b4 7 i80.7 220 215 227 436 95 0 

I... 6 1  GJ f o r -  r -  18 V I  1 :'1 o I t  1. 1. / 3 1'1 3 1 : SrZ' : c.; .3 
I...OQ f o r .  r - i ~ t t  1 . 3  01'1 3 . l . / t : S  1 . ; . : ? 1 1 0 : 4 * 2  

l l H E  T r  1s T o  1 C  11 PI P f  P v  P r  P u  Mu 
12 52 4V -71 355 373.5 366.2 361.2 169.9 227 2:9 235 437 
12 53 0 105 365 364.5 354.5 360.2 170.8 228 229 236 433 
12 53 48 

12 55 21 
12 55 31 
12 55 43 
12 55 5s 

12 57 21 
12 57 31 
12 51 43 
12 57 55 

13 5 12 

13 5 35 
13 5 46 
13 5 58 
13 6 IO 

13 14 15 
13 14 25 
13 14 37 
I 3  14 49 
13 15 0 

13 10 2 
13 18 12 
13 18 22 
13 10 34 
13 18 45 
13 18 55 

13 19 19 
13 19 31 

13 20 54 

$7 21 46 
13 21 57 
13 22 7 
13 22 19 
13 22 31 
13 22 42 
13 22 52 
13 23 4 

14 13 25 
14 13 36 
L4 13 46 
14 13 58 
14 14 I O  
14 14 21 
14 14 31 
14 14 43 
14 14 55 

TIHE 

TIML 

TIME 

TIRE 

TIHE 

TIHE 

TIME 

T I M t  

1 In€ 

11Rt 

-71 
l r  
108 
108 
109 
-71 
l r  

110 
110 
110 
110 

T r  
115 

T r  
115 
115 
115 
115 
l r  

121 
122 
122 
122 
122 
l r  

1 2? 
127 
128 
128 
128 

ar 
129 
129 

T r  
132 
l r  

133 
134 
134 
135 
1 35 
135 
136 
137 
l r  

219 
219 
220 
220 
221 
220 
220 
220 
221 

120 

366 366.0 341.9 355.3 160.9 
1. T o  lf T i  Pf 
368 367.4 356.2 560.7 168.6 
367 367.2 357.6 361.2 173.3 
367 367.0 359.1 361.2 172.6 
355 373.5 366.3 302.2 173.9 
1. T o  T f  T I  PI 

366 366.3 364.8 -62.2 173.3 
366 365.8 365.3 362.2 174.5 
366 365.7 365.7 362.7 174.8 
366 365.7 366.0 362.7 171.1 
1. T o  lf T I  P I  
394 363.8 366.9 364.7 179.4 

7. T o  lf T I  P1 
364 363.7 366.9 364.7 178.2 
364 363.7 366.9 363.2 172.3 
364 363.7 367.0 362.2 170.8 
364 363.6 367.0 360.7 163.1 
1. T o  T f  T I  P i  

376 375.9 369.0 356.8 163.7 
376 376 .2  375.5 356.8 163.7 
376 376.1 374.0 357.3 163.4 
376 3 7 6 . 0  375.7 357.3 161.8 
376 375.9 375.6 357.3 162 .4  

7. T o  If T i  P l  
376 375.C 375.6 352.3 150 .4  
376 375.9 375.7 351.3 151.3 
377 376.1 375.7 350.8 149.1 
377 376.5 375.6 350.3 150.4 
377 376 .6  375.6 350.3 140.6 
377 376 5 375 .6  350 .3  150.4 
I. T o  T f  T i  PI 

377 376.4 375.4 350.3 1 5 0 . 4  
377 376 .4  375.4 590 .3  147.9 
1- T o  Tf 11  P I  
376 376.2 376.0 350.3 148.8 
1. l o  T f  T I  P I  

376 375.9 375.0 352.8 157.8 
376 376.0 375.8 354.3 $59.0 
376 376.1 366.3 355.3 159.6 
376 375.9 375.7 355.8 161.5 
376 374.1 370.1 356 3 161.8 
376 375.7 375.8 356.3 161.5 
376 375.6 375 e 356.3 162.1 
376 375 .7  375.8 356.8 1 6 0 . 6  
1. T o  T f  T I  P i  

385 384.9 384 .1  358 3 164.6 
385 385.1 384.0 350 0 165.8 
385 384.9 384.0 358 .8  165.5 
385 373 4 380.9 358 0 165 .2  
385 384.8 384 .2  358.8 164.9 
385 383.6 3 8 4 . 3  350.8 lb4.3 
385 384.9 384 3 358.8 lb5.8 
385 384.9 304 3 358.3 1 6 0 . 0  
385 304 9 384.3 359 3 lb5 2 

228 
P f  

22b 
227 
226 
227 

PC 
226 
226 
228 
228 

P f  
223 
Pf 

223 
223 
223 
221 
PC 

2 2 0  
218 
220 
217 
217 

P f  
215 
215 
215 
216 
215 
216 
Pf 
21 6 
217 
PC 

215 
Pf 

216 
218 
216 
217 
218 
218 
217 
221 

P f  
210 
218 
219 
218 
220 
219 
219 
218 
218 

2?8 
PV 

229 
230 
230 
230 
PV 

229 
229 
237 
230 

PV 
220 

f v  
22 1 
220 
2'9 
219 
PV 

222 
221 
220 
222 
221 
PV 

220 
219 
220 
cl9 
218 
218 

PV 
210 
218 
PV 
218 
PV 

221 
220 
221 
221 
220 
221 
222 
221 
PV 
223 
723 
223 
223 
223 
222 
223 
223 
223 

236 
P. 
236 
237 
236 
23t 
P. 
236 
236 
237 
236 
P. 

231 
P. 
231 
229 
230 
230 

233 
233 
233 
233 
232 
PC 
231 
231 
231 
231 
231 
231 
P. 
231 
231 
PC 
231 
P6 

231 
231 
231 
233 
233 
232 
233 
233 
PC 
233 
233 
233 
234 
234 
234 
234 
234 
234 

P 6  

432 
Pw 

434 
435 
432 
435 
P w  

437 
435 
434 
437 
P u  
429 

P u  
427 
426 
42s 
422 

Pw 
429 
430 
430 
429 
428 

P u  
427 
427 
427 
428 
424 
429 
P u  

427 
427 

P u  
427 
Pw 

425 
431 
428 
430 
427 
428 
427 
429 

Pw 
429 
429 
42v 
231 
433 
412 
429 
430  
450 

95 
95 
95 
MU 
95 
95 
95 
9s 
MU 
95 
95 
95 
95 
MU 
95 
MU 
95 
95 
95 
94 
nw 
95 
95 
95 
95 
95 
I I W  

95 
95 
95 
9s 
95 
95 
MU 
95 
95 
NU 
95 
MU 
94 
95 
95 
95 
95 
95 
9s 
95 
nu 
95 
9s 
95 
95 
95 
96 
9s 
95 
95 

nr 
-4 

0 
- 0  
iw 

0 
0 
0 
-4 
nr 

0 
0 
0 
0 

nr 
0 

nr 
0 
0 
0 
0 

Mr 
0 
0 
0 
0 
0 

nr 
0 
0 
0 
0 
0 
0 

nr 
0 
0 

H r  
0 

nr 
0 
0 
0 
0 
1 
0 
0 
0 

Hr 
- 0  
- 0  
- 0  
9 
0 
1 

- 0  
- 0  
- 0  

n. 
h9 
70 
7 0  
69 

MS 
77 
73 
79 
HS 
71 
70 
71 
f3 
n. 
60 
68 
67 
67 
n. 
67 
nr 
66 
69 
71 
74 
MC 

1 25 
123 
lZ4 
124 
124 

132 
132 
132 
131 
131 
133 
nc 

131 
132 
H I  

132 
nr 

127 
126 
126 
125 
125 
125 
125 
124 

121 
1 1v 
1 2 0  
111 
121 
I19 
I l V  
118 

n6 

ns 

120 

H f  
69 
71 
70 
70 

fir 
72 
73 
79 
nf 
71 
7 5  
71 
69 
nr 
bE 
68 
67 
60 
nf 
67 

66 
69 
71 
74 

125 
124 
124 
124 
124 

132 
132 
132 
132 
131 
133 
nf 

132 
132 
Hf 
133 
nf 

127 
127 
126 
12s 
1 26 
125 
1 25 
124 
nr 

121 
119 
120 
1 19 
121 
120 
119 
1 It) 
I 2 0  

nf 

nf 

nf 

n u  is LU 1 1  i r  K Y  f l c t ,  

$7 en 43 35 553 bO 
$ 7  89 44 33 554 6 0  

16 88 44  33 555 60 
17 87 43 35 5S2 60  

nu 
8 
7 
8 

7 
7 
7 
7 

7 
7 
7 
7 

nv 
16 
MU 
16 
16 
17 
18 
nu 
18 

17 
18 
18 
MU 
19 
19 
19 

19 
19 

19 
18 
nu 
19 

2 0  
17 
18 
19 
18 
10 
18 
18 
nu 
17 
18 
10 
17 
17 
18 
18 
17 
18 

nv  

n u  

.a 

i a  

nv 

nv 

1 %  
86 
84 
85 
L. 
86 
86 
84 
86 
L. 
02 
84 

;3 
L. 
85 
L. 
8.3 
0 4  
83 
83 
L. 
0 4  
83 
83 
82 
e4 
L. 
82 
82 
83 
84 
83 
84 
L. 
03 
85 
L. 
04 
L. 
83 
83 
03 
BJ 
8 4  
83 
8 4  
85 
1. 
83 
83 
83 
84 
H3 
c3 
83 
83 
84 

e3 

Lw l r l T  KY f r e q  
43 21 264 h0 
43 22 262 60 
42 23 264 60 
Lb l r t X  KY f f e q  
42 21 261 60 
42 19 262 60 
42 21 262 60 
41 -11 -2 60 
Lu l r t X  KU f r e q  
41  1R 265 60 
41 18 EbS 60 
41 20 ?b4 60 
41 IS 264 60 
Lu T r t X  KY f r e q  
38 32 505 6 0  
Lu T r t X  KY f r e q  
30 34 594 60 
38 36 532 60 
38 37 548 60 
38 45 586 60 
Lu T r t X  KY f r e q  
36 71 751 60 
36 72 751 60 
36 71 752 60 
36 71 752 60 
36 72  751 60 
Lu T r t X  KY f r e q  
37 100 788 6 0  
36 100  786 60 
37 L O O  786 60 
36 100 706 60 
36 100 784 60 
36 1 0 0  783 60 
Lu 7 r t X  KY f r e q  
36 100 707 60 
36 100 783 60 
Lw l r t X  NU f r a q  
37 100 702 6 0  
Lu T r t X  KY f r e q  
37 78 761 6 0  
37 76 756 60 
37 75 754 60 
37 73 755 60 
37 7 4  753 60 
37 73 754 60 
37 73 753 60  
37 72 755 6 0  
L u  T r t X  KY f r e q  
41 67 755 h0 
4 1  68 754 6 0  
41 CL 754 60 
4 1  67 754 b0 
4 1  67 756 60 
41 60 753 60 
4! h7 755 hO 
4 1  68 753 611 
4 1  68 753 bO 

Figure 2-18. Example o f  Fast Log as Produced by the Operating Program: 1979 
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This made the Mexico t e s t  data amenable f o r  analys is  by the JPL analys is  
programs. 

Sample data were recorded automat ica l ly  on cassette by the operat ing program 
I n  addi t ion,  a and by operator comnand i n  a manner s i m i l a r  t o  tha t  used i n  Utah. 

supplemental record o f  1980 t e s t  data was logged on cassette by JPL w i th  the 
second computer which was connected t o  the primary, or operat ing computer. 
was done w i th  the gracious concurrence and cooperation o f  CFE t e s t  engineers 
using program addi t ions prepared by Wahl Co. f o r  JPL. It i s  these 1980 Mexico 
data, logged by JPL, i n  sets s i m i l a r  t o  the Utah data, which are included i n  t h i s  
report.  The logging of data by CFE operator comnand and by JPL was done i n  quick 
succession under the saw t e s t  condi t ions so tha t  both organizat ions recorded 
steady-state data which was essen t ia l l y  i den t i ca l .  The data processing by JPL 
included instrument correct ions where necessary. The repor t ing  o f  the 1980 data 
logging, analys is  and r e s u l t s  are iricluded here t o  demonstrate the extended u t i l -  
i t y  of data management and analysis c a p a b i l i t y  which t i e  JPL data system makes 
ava i lab le  t o  the  IEA Programne. 
comparative analysis o f  t e s t  data from t e s t i n g  a t  a l l  s i t e s  where the JPL data 
system i s  used. ( I n  a meeting June 5 and 6, 1980, i n  Mexical i ,  Mexico, of t he  
Executive C o n i t t e e  which governs the I E A  HSE Test and Demonstration Prograne,  
a l l  members agreed t h a t  JPL should perform a comparative analys is  of the t e s t  
resu l t s  from a l l  o f  the t e s t  s i t e s  a t  the completion o f  the tcs ts .  
representative expressed i n t e r e s t  i n  performing such an analysis. 
Yexico data, t h i s  repor t  demonstrates tha t  JPL can perform the analys is  using 
analysis programs and techniques a1 ready developed, prov id ing the data are 
properly logged. It implies tha t  the other t e s t  organizat ions can a lso do so.) 

Th is  

This includes the concomitant p rov is ion  f o r  

The JPL 
Using the  1980 

F. DATA VAN 

The [ la ta  Van, a thermal ly- insu lated t r a i l e r  8-feet wide and 27-feet long, 

The Da ta  Van was o u t f i t t e d  t o  provide a 
w i th  a subfloor, a hanging c e i l i n g  and f u l l  headroom f o r  most o f  i t s  length, was 
made ava i lab le  t o  the Pro jec t  by NASA. 
su i tab le  environment and workspace f o r  power supplies, signal cond i t ion inq  
equipment, computers, p r i n t e r %  and i n t e r f a - i n g  equipment o f  the data system, and 
f o r  panel instruments and contro ls  f o r  the p w e r  p lan t  (see Figures 2-12 and 
L ~ 3 ) .  Ca l ib ra t i on  equipment f o r  pressure and temperature devices was housed i n  
the D a t a  Van, which a lso provided tab le  space f o r  w r i t i n g  and f o r  c a l i b r a t i o n  
work. The D a t a  Van served as the process contro l  center, a f i e l d  o f f i c e  and a 
meeting place. A complete l i b r a r y  of  equipment manuals and drawings was normally 
maintained i n  the Data Van, along w i t h  o f f i c e  supplies and minor instrumentatiun 
maintenance equ ipwnt  and supplies. Temperature contro l  provided by a window- 
type a i r  condi t ioner  l n s t a l l e d  i n  the forward bulkhead o f ten  made the D a t a  Van 
the only comfortable personnel she1 t e r  avai lab le.  Pos i t i ve  p ressur iza t ion  by 
single-pass a i r f l o w  o f  50 cfm through ac t iva ted  carbon was provided t o  ensure 
against corrosion Jf e lec t ron i c  equipment by hydrogen s u l f i d e  which tends t o  be 
ubiquitous a t  geothermal s i tes.  Many D a t a  Van d e t a i l s  are shown i n  JPL Drawing 
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No. T-92-93,2 Van 19137 Modi f icat ion.  The placement of  the e lec t ron ics  rack 
and the s i t e  of the plywood computer table, as shown i n  the drawing, were modi- 
f i e d  i n  the f i e l d  i n  preparation f o r  1979 t e s t s  i n  order t o  make mom f o r  a 
second p r in te r .  

G. TEST ARRAY 

The JPL st ra tegy of  t e s t i n g  the HSE a t  various s i t es  en ta i led  i n teg ra t i ng  
the expander i n t o  a t e s t  array which can be moved i n  pieces and assembled i n  a 
func t iona l l y  reproducible arrangement a t  the s i te .  The array consists o f  the 
HSE power plant,  the load bank t o  provide a var iab le  e l e c t r i c a l  load t o  the power 
plant,  and the data and contro l  van (Data Van) which housed instrumentat ion 
equipment in ter faced through a mul t ip lexer  t o  a computer and p r i n t e r  f o r  data 
reduct ion and display. Junct ion terminals were i n s t a l l e d  i n  junc t ion  boxes on 
the power p lan t  t o  permit the reproducible connection of  the load bank and the  
Data Van t o  the power plant. A t  the t e s t  s i t e ,  the power p lan t  was pos i t ioned 
fo r  connection t o  the process piping, and process instrument wires were connected 
t o  the appropriate terminals i n  the junc t ion  boxes. The ?oad bank and the Data 
Van were pos i t ioned at  the t e s t  s i t e  f o r  connection t o  the power p lan t  i n  loca- 
t i ons  compatible wi th  s i t e  condi t ions such as prefer red funct ional  layout,  
p reva i l i ng  wind, and const ra in ts  such as cable lengths imposed b j  the in tercon-  
nect ing krdware. The t e s t  array i s  represented p i c t o r i a l l y  i n  Figure 2-20. The 
power p lan t  was connected t o  the load bank w i th  approximately %-foot lengths o f  
500 MCM cable. These cables were cut t o  equal lengths t o  help ensure equal loads 
on a l l  three phases of  the a l te rna tor .  The cables were supported i n  a cable t r a y  
which could be assembled i n  nine d i f f e r e n t  conf igurat ions,  a l i  o f  the correct  
length so tha t  the load bank could be placed i n  a semic i rc le  around the e 
the power system generator. (For d e t a i l s  see JPL Drawing No. ED07320AO 1 

i n s t a l l a t i o n  are shown i n  Figures 2-21 and 2-22. 
assemblies are shown i n  Figure 2-23. The three junc t ion  boxes on the power 
plant,  where power, cont ro l  and a l l  instrumentat ion wires t o  the Data Van were 
connected, can be seen i n  Figure 1-1 i n  f r o n t  o f  the a l te rna to r  and t o  the r i g h t  
o f  the lower par t  of the instrument panel. The instrument l i n e s  from the junc- 
t i o n  boxes t o  the  Data  Van are about 150 feet i n  length, a l lowing considerable 
choice i n  placement of the Data Van. A t  the Utah t e s t  s i te ,  these instrument 
l i nes  were placed i n  a wooden channel along the cable tray (see Figures 2-21 and 
2-22). 

o f  

Geothermal HSE Support Systems S i t e  Plan and Detai ls.)  Views o f  the cab P e t r a y  
Cable t r a y  par ts  f o r  opt ional  

Excess instrument cable was co i led  w i t h i n  the Data Van. 

The Data Van contains contro ls  and instruments f o r  frequency, voltage, 
normal stop and emergency stop, which dupl icate cont ro ls  and instruments on the 

21\11 JPL Drawings refer red t o  in t h i s  F ina l  Report are located i n  "JPL Test 
Support Equipment f o r  HSE Power Plant i n  Utah," Reference Drawings (Ref. 2). 
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power plant.  
condi t ioning. These power and contro l  l i n e s  were kept separate from the i n s t r u -  
ment l i n e s  on the way t o  the Data Van. They were supported abo*.e the instrument 
l i n e s  e i t h e r  i n  the cable t r a y  or suspended (Figures 2-22, 2-24 and 2-25). 
Excess power and contro l  l i n e s  were co i l ed  below the Data Van. 

The p lant  also provides power t o  the Data Van f o r  l i g h t s  and a i r  

The junc t i on  boxes refer red t o  abote (see Fioure 1-1) are shown opcrl i n  
Figures 2-26 and 2-27. The power and con t ro l - re la ted  l i n e s  from the Data Van f o r  
instrumentation power, l i g h t s ,  a i r  condi t ioning, voltage and frequency controls,  
stop controls,  and general service power w r e  connected i n  the l e f t  terminal box 
EC. The signal  wires fran the computer f o r  monitor ing power p lan t  shutdown func- 
t i o n s  (i.e., underspeed, overspeed, v ib ra t i on ,  low o i l  pressure, h igh o i l  temper- 
ature, etc.) were connected i n  the center box EA. 
i d e n t i f y  which funct ion was the cause of automatic shutdown i f  automatic shut- 
down occurred. 
s ta tus (i .e., bearing temperatures and loads, t h r o t t l e  pos i t i on  and a1 te rna to r  
bearing and winding temperatures) were located i n  terminal  box EB on the r i g h t .  
Also, a l l  o f  the process instrumentation l i n e s  f o r  f l u i d  f low rates, pressures 
and temperatures were connected i n  t h i s  terminal box on the way t o  the computer 
( t he  vortex-shedding f low meters were an exception). 

This allowed the computer t o  

The connections for  instrument wires r e l a t i n g  t o  the power p l a n t  

During operation of the power plant,  the e n t i r e  e l e c t r i c a l  power needs o f  
t he  Oat; Van were normally supplied by the power system. 
LO an e l e c t r i c a l  service panel f o r  general u t i l i t y  loads such as housing, shop, 
or o f f i c e  t r a i l e r s  h i c h  were i n s t a l l e d  for  t e s t  support. This u t i l i t y  power 
panel i s  shown i n  Figure 2-28 and i s  described i n  JPL Drawing No. 00736A-0 .  

Power was also supplied 

A 15-kW a u x i l i a r y  engine generator i s  a:so shown i n  Figure 2-28. This gen- 
erator  provided 115/208 Vac three-phase, 60-Hertz power f o r  the t e s t  s i t e  i n  1979 
dur ing periods of  t e s t  preparations. 
power generator which f a i l e d  and was i n  t u r n  replaced by another diesel  power 
generator when the engine generator shown i n  the f i g u r e  fa i led.  
tor ,  prov id ing 120/240 Vac, 60-Hertz power would have been preferable but was not 
r e a d i l y  avai lable.  

It replaced an o ld  single-phase diesel  

A 10-kbJ genera- 
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SECTION I 1 1  

DESIGN AND FABRICATION 

A. DESIGN 

1. HSE Power Plant 

The HSE and the HSE power p lan t  were designed by HPC. The design r e l i e d  
heavi ly  on the development work done by HPC w i th  the 50-kW p ro to typ t  p lan t  p r i o r  
t o  t h i s  Project ,  and on recomnendations and equipment avai lab le from suppliers. 
P r i o r  t o  t h i s  Project ,  a conceptual design o f  a l-MW HSE power p lan t  was com- 
pleted. !n t h i s  design, the expander r e l i e d  heavi ly  on the technology and prac- 
t i c e s  o f  the compressor industry. Within t h i s  Project ,  HPC advanxd the design 
from conceptual t o  f i n a l .  I n  t h i s  process, the w t h o d  o f  construct ion o f  the HSE 
housing was changed from cast ing t o  fabr icat ing.  
i nc lud ing  strength, mater ia ls  select ion,  f l e x i b i l i t y  o f  manufacture, and f l e x i -  
b i l i t j  o f  design, which resul ted i n  a t r u e  geothermal machine rather  than an 
adapted compressor. 
sor indust ry  i s  maintained by the use o f  r o t o r s  which were cut by a l icensee o f  
SRM t o  the same p r o f i l e  spec i f i ca t i ons  as those used i n  compressors, as reported 
e a r l i e r .  

Numerous benef i ts resulted, 

The re la t i onsh ip  o f  the new machine t o  the e x i s t i n g  compres- 

During the design and f a b r i c a t i o n  o f  the HSE and power plant,  numerous 
recommendations were of fered by JPL. 
times much la te r .  I n  prov id ing technical  management o f  the HPC contract ,  JPL 
p o l i c y  was not t o  be i n s i s t e n t  regarding design recommendations, except i n  
matters o f  safety and qua l i t y .  It was the stated purpose o f  t h i s  Pro ject  t o  
evaluate a pro; lr ietary machine and not t o  contro l  it. +?sign o r  development. The 
JPL requirements regarding safety and q u a l i t y  d i d  r e s u l t  i n  a more formdl design 
e f f o r t  than HPC had o r i g i n a l l y  planned. As stated e a r l i e r ,  the design d e t a i l s  o f  
the HSE were released a t  the d i s c r e t i o n  o f  HPC. Descr ip t ion o f  the expander and 
the power p l a n t  are presented i n  Section 11.8. and C. and i n  Appendix A. 

Many of  these were incorporated -- some- 

2. Test Support Equipment 

JPL designed the load bank, the data Van and the data system on a 
schedule compatible w i th  the needs o f  t h i s  Project .  

a. Load Bank. l h e  design o f  the t ransportable load bank was based on 
equipping two commercial e lec t r i c .  duct heaters with blowers, switches and protec- 
t i v e  i n te r l ock  c i r c u i t r y ,  so tha t  r e s i s t i v e  load u n i t s  could be added i n  incre-  
ments o f  50 kW or more, t o  a t o t a l  o f  1000 kW. The load bank i s  described i n  
Section 11.0. 

r 
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b. Data Van. The Data Van design en ta i l ed  modifying a used NASA 
t r a i l e r  t o  h o a r i n s t r u m e n t  and contro l  consoles and support ing gear. A 
removable s t a i r  and a vest ibu le were provided t o  f a c i l i t z t e  entry through one o f  
the standard rear f r e i g h t  doors. The doors were retained as secur i ty  doors. 
window was i n s t a l l e d  i n  a forward removable panel, the l i g h t i n g  was modified, and 
an a i r  condi t ioner was i n s t a l l e d  f o r  heating or  cooling. An a i r  supply with 
charcoal f i l t e r  was speci f ied t o  provide an environment su i tab le  f o r  the 
e lec t ron i c  instruments. 
,~?assembl?d i n  su i tab le  conf igurat ions i n  the Data Van. F o r  addi t ional  
descr ip t ions of  the D a t a  Van see Section 1 I . F .  

X 

Instrument racks were obtained from surplus stores and 

c. Data System. The data system was designed by JPL t o  use a desk-top 
computer equipped w i th  a programnable analog t o  d i g i t a l  mul t ip lexer ,  or mu l t i p ro -  
grammer, f o r  scanning the i3strument s ignal  s. This s tate-of - the-ar t  technology 
was ava i l ab le  a t  a cost t ha t  was l i t t l e  more than o r i g i n a l l y  budgeted f o r  s t r i p  
char t  recorders. The data system i s  described i n  Section 1 I . E .  

During the design phase, JPL performed design reviews and coordinat ion as 
appropriate. JPL a l so  prepared a check l i s t  o f  a l l  the e l e c t r i c a l  parameters i n  
?roper grouping, t o  ensure tha t  a l l  of the in ter face requirements among the power 
p l a n i t  and the control  and irlstrument support systems would be sa t i s f i ed .  

8. FABRICATION 

I .  HSE Power Plant 

The HSE and the HSE power p l a n t  were fabr icated by HPC i n  Mission Viejo, 
Ca l i f o rn ia .  HPC began procurement negot iat ions w i th  i t s  suppl iers i n  January 
1976. JPL requirec HPC t o  f o l l o w  formal compet i t ive bidding procedures, and t o  
submit HPC purchase orders o f  $10,000 o r  more t o  JPL f o r  approval p r i o r  t o  t h e i r  
execution w i th  tIPC suppliers. Thest purchases were requirzd t o  meet JPL terms 
and condit ions, and thus took longer than was o r i g i l i a l l y  planned. Moreover, JPL 
required HPC t o  set up a dPL-approved q u a l i t y  cont ro l  system, dnd performed 
c r i t i c a l  source inspections w i t h  HPC. 

HPC occupied i t s  shop f a c i l i t y  i n  Mission V ie jo  i n  March, and made prepara- 
t i ons  f o r  receiv ing the f i r s t  raw mater ia ls.  
August 18, 1977, when acceptance t e s t i n g  was f i r s t  attempted, and then u n t i l  
December 4 1977, when the acceptarce t e s t i n g  was completed. A f te r  acceptance 
t e s t i n g  ana in-place de l i ve ry  t o  JPL, the e l e c t r i c a l  service panel on the poker 
p lant  was revised t o  provide 480-Volt, 100-amp service each for  two 100-hp pump 
motors. 

The f a b r i c a t i o n  continued u n t i l  

The most serious delay dur ing the f a b r i c a t i o n  resul ted from a s l i p  i n  the 
A natural  gas supply shortage i n  the eastern United del ivery  of the gear box. 
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States dur ing the winter o f  1976-1977 caused a lengthy shutdown o f  a foundry 
which supplied the gear box manufacturer. Then, a f te r  the suppl ier  resumed 
production, a furnace was used premature;y, r e s u l t i n g  i n  a bad b i l l e t  which was 
del ivered t o  the manufacturer only t o  be rejected. The impact on the completlon 
schedule o f  the power p lant ,  and on the cost o f  t h i s  Pro ject ,  was s i g n i f i c a n t .  

A chronology and schedule o f  the d e t a i l s  o f  the f a b r i c a t i o n  o f  t he  HSE power 
p l a n t  are i n t e r e s t i n g  but are not e s x ? t i a l  t o  t h i s  report ,  and are not included 
here. Further,  much o f  t h i s  i n f o r m a t i m  i s  propr ie tary .  A few d e t a i l s  can be 
found i n  the HPC Final  Report (Ref. 5). 

2. Test Support Equipment 

The t e s t  support equipment was fabr icated b j  3PL and i t s  suppl iers 
concurrently w i th  the f a b r i c a t i o n  o f  the power p lant .  

a. Load Bank. The load bank was fabr icated by* H o l l i n s  E l e c t r i c  and 
Engineering Co., Los Angeles, Cal i forn ia ,  according t o  JPL design speci f ica-  
t ions.  

b. D a t a  Van. The Data Van , m d i f i c a t i o n  was done by the I'PL Plant 
Maintenance and Serbice Section persmnel under the supervision c i i  JPL F a c i l i t y  
and Construction Section engineers, 

c. Data  System. The data 
Propulsion Systems Section. 

who d i d  the design. 

system was assembled by members of the JPL 
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SECTION I V  

TEsr SITE 

The a v a i l a b i l i t y  o f  a su i tab le  t e s t  s i t e  i s  a major fac to r  i n  the planning 
and execution o f  a hardware t e s t  p ro jec t  such as t h i s .  For a va r ie t y  o f  reasons 
such as Pro ject  po l i cy  object ives and c r e d i b i l i t y ,  as wel l  is the s p e c i f i c  needs 
of the HSE, the idea o f  t e s t i n g  the expander on a r t i f i c i a l  b r i n e  was reviewed and 
re jected early. 
evaluat ing any wellhead device could on ly  be answered by t e s t i n g  a t  Jr near t h e  
we1 1 head. 

It *cs believed t h a t  many o f  the questions t o  be answerea i n  

A t  the t ime o f  the formulation o f  t h i s  P ro jec t  i n  l a t e  1973, t he  number o f  
large or  moderately large we1 Is i n  l o w  s a ? i n i t y ,  h igh enthalpy l iquid-dominated 
f i e l d s  i n  the United States was ,mtl. This s i t d a t i o n  might has,e severely 
r e s t r i c t e d  the size o f  the exp:I+r and the t e s t  matr ix  around which t o  plan t h i s  
Pro ject  because the decis ion =en made t h a t  the f i r s t  t e s t i n g  worrld be done 
on low s a l i n i t y  b r i ne  -- only ,,,,equently would t e s t i n g  be done on very h i g h l y  
sa l i ne  b r ine  such as was availabl.: i n  the Sal ton Se? KG2A. However, nearby, a t  
Cerro Pr ie to,  Mex.lco, su i tab le  s i t e s  f o r  t zsc ing  w i t h  low s G l i n i t y  b r i n e  were 
p a t e n t i a l l v  avai lable. 
l i shed  goor rapport w i t h  rFE personnel dur ing the prototype development and 
t e s t i n ?  which Roger Spran: ;e had done i n  Mexico. 
i n v i t a t i o n  t o  re turn f o r  additional test ing.  Second, NSF, f o r  whose goals t h i s  
Pro ject  was formulated, looked w i t h  favor on the prospects o f  fore ign .country 
involvemen+ This meant t h a t  Pro ject  p lanning was permit ted a wider scope than 
would have been possible otherwise. 11 par t i cu la r ,  t h i s  planning made a 1-MW 
wellhead power p lan t  feasible. 
7G9L machine e f f i c i e n c y  requires approximately 550,000 l b / h  o f  SdtIIrated b r ine  for  
100-psia i n l e t ,  noncondensing operat ion under f u l l  load. This i l l u s t r a t e s  sone- 
t h i n q  about the problem o f  matching t e s t  equipment and prospecti-:e t e s t  s i t e s  -- 
many wel ls  do not produce a t  t h i s  high rate. 
t e s t  s i t e  would be a t  Cerro Pr ieto,  but  i t  was important t o  know that a su i tab le  
s i t e  d i d  e x i s t  and gas p o t e n t i a l l y  avai lable.  

Two other fac to rs  e r e  important. F i r s t ,  HPC had estab- 

As a resu l t ,  HPC had a standing 

A t e s t  spectrum planned for  a 1-MW expander of 

I t  was not assvse; that the f : r s t  

A. S ITE  5ELECTION REVIEW PROCESS 

The s i t e  se lect ion prccess became formalized i n  June 197€ w i t h  the d i s t r i b u -  
t i o n  o f  a s i t e  packet t o  prospective s i t e  operators. The s i t e  packet consisted 
o f  -- cover l e t p e r ,  a symposium paper on the expander, a questionnaire, a t e s t  
p l m  o u t l i n c ,  an abbreviated schedule and the d i s t r i b u t i o n  l i s t .  The l i s t  was 
r l a s s i f i e d  i n t o  four categories. Group A, organization: known t;, have prospec- 
t i v e  s i t es ;  Group 8, nrga: :'ions known t o  have geothermal resource i c j e r e s t s ;  
Group C, organizations a f f f  I ia ted w i t h  Group A; and Group D, organizat ions known 
t o  h a w  special i n te res t .  The s i t e  packet i s  included i n  Appendix C. 
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1. Quest ionnaire 

The quest ionnaire deal t  w’th 20 t e s t  s i t e  parameters l i s t e d  i’n 
Table 4-1. 
Appendix C).  

These are described more completely i n  the quest ionnaire i t s e l f  (see 

2. Select ion Process 

The s i t .  se lect ion proces: fol lowed the sequence l i s t e d  below: 

( 1 )  Prepare the s i t e  packet. 

(2) Obtain ERDA/DGE zoncurrence t o  use the questionnaire and 
d i s t r i b u t i o n  l i s t .  

( 3 )  D i s t r i b u t e  the packet. 

( 4 )  Review and c l a s s i f y  the responses. 

(5 )  Make fo l  low-up contacts with the respondents as appropriate. 

(6) V i s i t  candidate s i t e s  t o  gather or  review technical  data, and 
probe the nontechnical issues. 

( 7 )  P r i o r i t i z e  the s i t e s  on a technical  basis for three s i t e  
types . 

(8 )  Review the informat ion on the nontechnical issues t o  see if 
they a f f e c t  the select ions made on a technical  basis. 

(9 )  Make the primary selections. 

(10) Reriew the find:ngs w i t h  ERDA/DGE. 

(11 ) Receive ERDA/DGE se lec t i on  concurrence. 

:12) Document the arrangement con t rac tua l l y  as appropriate. 
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Table 4-1. l e s t  S i t e  Parameters 
I 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

Sal i n i  t y :  

LOW 0-3% n>S 
High 20% TDS 

13 . 
14. 

15. 
State 

16 . 
F l c w  Rate 

Production Re1 i a b i  1 i t y  

Waste Disposal 

Cool ant Supply 

Condition o f  Well 

Topography and Accessabi 1 i ty 

We1 1 Performance Data 

Experience o f  S i t e  Personnel 

S i t e  l e s t  Equipment 

Shop Faci 1 i t i e s  

17. 

18. 

19. 

20 . 
21. 

22. 

23. 

24. 

25. 

26 . 

Corrosion and Mater ia ls Data 

Non-Conden sabl es Con ten t  

Entraiaed Sol i d s  Content 

O i  ssol ved Sol i d s  

Chemistry Laboratory 

Turn-Down and Shutdown Requi rements 

Test P a r t i  Lipation and Rasis 

S i te  Use L i a b i l i t y  Requirements 

S i t e  Permits 

S i t e  Preparation and Restoration 

Open S i t e  

Nearest Conrnercial A i rpor t  and 
Travel Time 

Nearest Hospital and F i r s t  Aid 

Pub1 i c i  t y  
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Forty-e ight  s i t e  packets were seqt (see Appendix C). 
organizat ions known t o  have prospect ive s i tes,  numbered eight. 
were approximately as anticipated. A f te r  screeninq out those s i t e s  c l e a r l y  not 
su i tab le  f o r  technica l  reasons, s i t e  inspections werc' made o f  the  others by the  
JPL p r i n c i p a l  i nves t i ga to r  and the HPC c h i e f  engineer. 
t ha t  both fo r  technical and nontechnical reasons, a P h i l l i p s '  we l l  i n  t he  
Roosevelt KGRA i n  Utah would be pre fer red  f o r  the f i r s t  t e s t  s i te .  
a second s i t e  f o r  t e s t i n g  on h igh s a l i n i t y  f l u i d  was deferred pending t e s t  
r e s u l t s  a t  the f i r s t  s i te .  

The group A 1 i s t ,  
The responses 

It qu ick ly  became obvious 

Select ion c?f 

B. SELECTED SITE 

1. Technical D e t a i l s  

Two Phi 11 i p s '  we1 1 s a t  the Roosevel t KGRA were p laus ib le  candidates. 
These were Well 13-10 and Well 54-3, Eacn had adequate f l o w  and h igh enthalpy 
and each was s i t ua ted  beside a p i t  which had been used i n  d r i l l i n g  and flow 
t e s t i n g  the  well. 
r e j e c t i o n  pond f o r  e condensing operation. However, due t o  the  topography and 
placement o f  the p i t s ,  Well 13-10 was the b e t t e r  choice. The p i t  a t  We1 1 54-3 
was upslope from the well, and placement o f  the  HSE t o  a l l o w  discharging i n t o  the  
p i t  requi red p lac ing  t h e  HSE hundreds o f  f ee t  from the wel l ,  a c l e a r l y  undesir-  
ab le prospect. A t  Well 13-10 the  layout  permi t ted p lac ing  the  HSE near the w e l l  
w i t h  easy drainage t o  the  p i t .  Fur ther  i nves t i ga t i on  w i t h  P h i l l i p s  revealed 
other  important cont rary  considerations. 
t e s t i n g  t h e  HSE were not suf i c i e n t  t o  prevent Well 13-10 from slugging, and 
bypassing f l u i d  t o  the p i t  would have been necessary. 
the f i l l i n g  o f  the p i t .  Moreover, P h i l l i p s  had scheduled i n s t a l l a t i o n  o f  t he  FTF 
a t  Well 54-3 t o  a l l o w  the wel l  t o  f low for 6 months t o  evaluate the  reservo i r .  
The Pro jec t  use o f  Well 13-10 dur ing the  rese rvo i r  evaluat ion was not an a v a i l -  
able op t ion  because i t  would have i v t e r f e r e d  w i th  the reservo i r  test .  Thus, as 
i f  by de fau l t ,  Well 54-3 became the  selected t e s t  wel l .  
cal  advantages as w e l l  as a mixture o f  technica l  advantages and disadvantages. 
The most notable nontechnical advantage was the obta in ing o f  permits, which 
P h i l l i p s  handled e f f e c t i v e l y  in profus0 d e t a i l  fo r  i t s  own needs. The t e s t  
a c t i v i t i e s  o f  t he  HSE a t  the s i t e  were w r i t t e n  i n t o  t h e  P h i l l i l s  permit appl ica-  
t i o n s  along w i t h  i t s  own. I n  addi t ion,  P h i l l i p s  had developed sources of supply 
f o r  roustabout and supervisory assistance a t  the  s i t e  fo r  i t s  own needs and these 
became ava i l ab le  f o r  h i r e  by the Project. The most important technica l  advan- 
tages o f  the s i t e  were the performance cha rac te r i s t i cs  of Well 54-3, the incor -  
pora t ion  o f  a high-pressure separator i n t o  the P h i l l i p s  'TF, and the disposing of 
the waste water by P h i l l i p s .  The P h i l l i p s  FTF i s  shown scnematically i n  
Figbre 4-1. 
recombining i n  measured amounts as feed t o  the  HSE. This f a c t  resolved the ques- 
t i o n  o f  whether f low and enthalpy would be determined from measurements upstream 
0 1 -  downstreuln from t h e  HSE. 
the  wel l  f o r  topogra9hical reasons s ign i f i canL ly  added t o  the i n s t a l l a t i o n  costs. 
Consequently. an extensive ctudy and review o f  the costs and benefi t .  o f  a 
s i m p l i f i e d  t e s t  process based on hot water only, versus a t e s t  prP*e..s biisea c? 
using the steam and the water, was made f o r  ERDA. The t e s t  opt ions are discussed 

The proposed t e s t  plans contemplated us ing the  p i t  as a heat 

Some o f  the f low rates required f o r  

This would have hastened 

This brought nontechni- 

The high-pressure separator r-'- steam and water ava i lab le  fo r  

The need t o  place the  VSE more than 300 feet from 
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l a te r .  
noncondensing t e s t i n g  by i nc lud inq  the expenditure o f  funds which were t o  have 
been provided for condensi nq q u i  pment . 

Author izat ion was received t o  i n s t a l l  the more v e r s a t i l e  t e s t  process for 

2. Condit ions o f  Occupancy 
- 

Several condi t ions o f  occupancy were imposed by Phi: l ips. lhese 
included a comprehensive review by P h i l l i p s  of  t he  JPL process i n s t a l l a t i o n ,  dnd 
a requirement t h a t  JPL contract  through Phi 11 i p s  f o r  supervisory assistance i n  
the fab r i ca t i on  and i n s t a l l a t i o n  o f  the process equipment from the same consul- 
t a n t  whom P h i l l i p s  had arranged t o  have on s i t e  f o r  i t s  own needs (Lee Pe i f f e r  of 
P e i f f i e r  Associates, Inc.). 
broadened t o  include the process p ip ing  design and p ip ing  hardware procurement by 
P h i l l i p s  a t  cost, based on the JPL process design and speci f icat ions.  The p i p i n g  
design was subsequently re-engineered i n  the f i e l d ,  p r i m a r i l y  by the supe-r is ing 
consultant and the  JPL p r i n c i p a l  i nves t i ga to r ,  w i th  the coccurrence o f  P h i l l i p s .  
This made the i n s t a l l a t i o n  more compatible with the P h i l l i p s  FTF. 

These condi t ions were welcomed by JPL and were 

The FTF was on land leased by P h i l l i p s  from t h e  United States Government. 
cond i t i on  o f  the P h i l l i p s '  lease was tha t  the leaseholder repor t  t o  tne United 
States Geologic Survey d e t a i l s  o f  the usage of geothermal f l u i d s  produced (i.e., 
quant i ty ,  cond i t i on  and purposes). 
Agreement (Appendix 0)  t h a t  JPL repor t  t o  P h i l l i p s  d e t a i l s  o f  f l u i d s  usage f o r  
t e s t i n g  the HSE. Informat ion on the quan t i t y  o f  steam and water a t  saturat ion 
received from the FTF, the temperature and quan t i t y  of water returned, and the  
e l e c t r i c a l  energy generated was s u f f i c i e n t  for t h i s  purpose (see Waste Water 
Management sect ion below). 
so le  operator r o l e  f o r  FTF equipmznt, and no guarantee of  "the range of condi- 
t ions,  durat ion,  q u a l i t y  o r  quant i ty  o f  f l u i d s  provided." 

A 

Therefore, i t  was a condi t ion of  the Land Use 

Other condi t ions o f  occuparcy included a P h i l l i p s  

3. Notable Select ion and Usage Factors 

A l l  o f  the parameters included i n  the s i t e  se lect ion questionnaire were 
important, but three site-dependent factors  received special consideration. 
These were waste water management, pressure s t a b i l i t y  o f  the t e s t  f l u i d  supply, 
and scale formation. 

a. Waste Water Management. A very s i g n i f i c a n t  technical  condi t ion of 
occupancy was tha t  waste water frm t h e  HSE t e s t  operat ion be returned t o  the 
disposal l i n e  o f  the FTF f x m  which i t  was talten. This meant tha t  it had t o  be 
repressurized t o  separator pressure o r  above f o r  i n j e c t i o n  i n t o  the l i n e .  The 
disposal pumping needs o f  the P ro jec t  were studied i n  conjunction with the 
disposal requ5rements o f  t he  P h i l l i p s '  FTF. The disposal l i n e  ran cross-country 
and through a wash t o  disposal Well 82-33, located 1.4-mi I~s p i p e l i n e  distance 
away and 300-feet lower i n  elevat ion.  The flow versus pressure cha rac te r i s t i cs  
o f  disposal were not known wi th  high confidence, and P h i l l i p s  considered i t  
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advantageobs t o  provide a pressure boost f o r  disposal, i f  the boost could be 
provided r e l i a b l y .  Sharing o f  pumping costs was considered, aloiig w i t h  the  
equipment a v a i l a b i l i t y  and schedules, and r e l i a b i l i t y  o f  the method. 

Several approaches t o  the pumping needs were reviewed. These included a 
contracted pumping service, the use o f  rented engine dr iven pumps, the use o f  
purchased engine-driven pumps, and the use o f  e l e c t r i c a l  pumps. Two opt ions were 
considered for  d r i v i n g  e l e c t r i c  pumps. F i r s t ,  with e l e c t r i c i t y  from an e l e c t r i c  
power u t i l i t y  transmission l i ne ,  about 9/10 m i l e  from the s i te ,  o r  second, w i t h  
e l e c t r i c i t y  froin the HSE power plant. U t i l i t y  power was a t t r d c t i v e  i n  concept 
because i t would have meant an assured supply o f  e l e c t r i c i t y  f o r  the general s i t e  
needs o f  both P h i l l i p s  and t h i s  Pro ject .  A u t i l i t y  p r i c e  quote o f  $130,000, up 
and down charge f o r  a 500-kW transformer substat ion p lus  monthly s e r v i - t  charge, 
a l l  t o  be borne by t h i s  Pro jec t ,  ru led  out t h i s  option. Loss o f  t h i s  opt ion 
ru led  out any possible consideration of  connecting t h e  HSE power p lan t  t o  the  
e l e c t r i c  g r i d  f o r  t e s t  or demonstration purposes. A companion cost f o r  t h i s  
opt ion was fo r  four e l e c t r i c  pumps a t  $26,000 each, three t o  be purchased by 
P h i l l i p s  and one by JPL. 

F i n a l l v ,  i t  was agreed tha t  P h i l l i p s  would proceed w i th  i t s  disposal needs 
as i f  the E were not a t  the s i t e ,  and JPL would re tu rn  waste l i q u i d  t o  the 
disposal I ,pe by any su i tab le  method. The inethod chosen by JPL was a combination 
o f  two e1e:tr ic pui-qx drawing power frari t h e  HSE power p lant ,  an3 the use o f  a 
waste hold ing tank t o  make a bootstrap s t a r t  possible, since, durir,g start-up, 
waste wou'd accumulate before e l e c t r i c  power became avai lab le.  This approach w:-s 
possible Iecause two su i tab le  used pumps and motors were ava i lab le  fo r  re furb ish-  
ment for a p r i c e  and de l i very  acceptable t o  t h i s  Pro ject .  T+e hold ing tank idea 
was broadened t o  provide s u f f i c i e n t  storage for  waste accumulation dur ing t e s t i n g  
a t  hiah wcste f low rates f o r  periods estimated t o  be long enough t o  complete a 
s ing le  tes t ,  provided a t  leas t  one pump was i n  operation. S u f f i c i e n t  storage was 
provided by a p a i r  o f  20,000-aallon tanks. By switching back and f o r t h  between 
t e s t s  o f  high and low waste flow, the waste disposal tequirement could be met for  
a l l  t e s t  condit ions. 

The po in ts  of  Withdfah;ll and re tu rn  o f  water froin the FTF for  HSE use were 
upstream from the FTF flowmeter. This meant tha t  f l u i d  usage by the  Pro jec t  
i n te r fe red  w i t h  the water f low measurements of the FTF. On the average, less 
l i q u i d  was returned than was received because f l ash ing  o f  some l i q u i d  took place 
dur ing passage through the F :pander. However, on a short-term basis, more could 
be returned than was k i n g  received by drawing down the inventory i n  the ho ld ing  
tanks. Accordingly, i t  was a requirement tha t  the amounts of  water received and 
returned be reported t o  P h i l l i p s  on a d a i l y  basis. During the 1919 t e s t i n g  t h i s  
in format ion was requested on dn hgur ly  basis. Steam usage was a lso reported t o  
Phi 11 ips, brit t h i s  inforciat ion was not t echn ica l l y  important because the steam 
was withdrab lownsteam froin the po in t  o f  measurement i n  the FTF on i t s  way t o  an 
6+.mospbre .Lat. The d a i l y  f l u i d s  usage data f o r  the t e s t i n g  i n  1978 and 1979 

- - < <  i n  Tables 5 - 2  and 4-3. The data f o r  Table 4-2 were obtained m s t l y  by 
, .  1 n'egration of  f l u i d s  usage p l o t s  (Appendix E )  which were preoared 

1 - 5  ? t h e  data f rom the 197P oper? t inq  log  (see Figure 2-16). The 
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Table 4-3. Geothermal F lu ids  U t i l i z a t i o n :  1979 

Test Run Test E l e c t r i c a l  Steam from Water from Water t o  Level Change 
Date, Duration, Output, Se arator,a Se arator,a D i  posal, i n  Banker 
1979 h kWh 10 s l b  10 s l b  10 3 l b  Tanks, in .  

91 3 
914 
91 5 
916 
91 7 
918 
9/21 
9/25 
9/28 
10/12 
101 16 
10117 
10118 
19/20 
10123 
10125 
10127 
10/28 
10/29 
1113 
11/4 
llj6 
11/11 
11/13 
11/14 

15 sec 0 
0 

0.05 30 
0.45 -- 
2.6 210 
3.0 150 
7.3 1140 
5.9 1350 
6.0 1800 
5.7 1560 
3.4 1140 
2.08 390 
5.72 1380 
4.68 630 
5.92 2340 
5.15 2190 
8.05 4710 
4.25 2220 
0.8 210 
4.35 1110 
0.88 60 
5.52 480 
3.71 1560 

-- 3390 
Well was shut i n  

-- 0 
0 
1.12 
1.47 
10.0 
14.25 
30.3 
0 
2.54 
0 
0 
0 
0 
0 
0 
0 
92 
70 
16 
30 
0 
0 
24 
84 

0.3 
1.38 
9.8& 
14.3 
43.6 
86.7 
318.0 
569.4 
66€. 7 
484 
596 
16 1 
475 
368 
810 
121 
90 1 
237 

1 
25 7 
71 
46 5 
330 
595 

0 
0 
0 
0 
0 

129 
298.5 
533.7 
614.4 
45 7 
5 09 
123 
342 
282 
b 89 
66 
852 
215 
0 

213 
0 

408 
328 
31 1 

-50 
10 
5 

15 
20 
-58 
13 - 29 
-58 - 34 
- 9  

3 
5 
5 

-15 
22 - 39 

- 5  
2 

- 3  
0 

-18 
- 18 
22 
-48 

TOTALS: 88.5 27750 375.7 7582.3 637G. 6 
(loop 

"Does not include bleed t o  keep pipes hot dur ing stand-by. 

bFrom elapsed ti ine neter. 

NOTE: Some water f r o m  t h  .&e,' ranks was put i n  the p i t  on 9/4, 917, 9/15, 10/20 
11/16 t o  permit equiprront repai r ,  and a t  the cc:..;!etion of  the tes ts .  
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Tabie 4-3. Geothermal F l u i d s  U t i l i z a t i o n :  1979 

Test Run Test E l e c t r i c a l  Steam f rom Water from Water t o  Level Change 
Date, Duration, Output, Se arat0r.a Se arator,a Disposal, i n  Banker 
1979 h kWh 10 5 l b  10 13 l b  103 l b  Tanks, in. 

15 sec 0 0 0.3 0 -50 -- 0 0 1.38 0 10 
9/3 
91 4 

0.05 30 1.12 9.88 0 5 
91 6 0.45 -- 1.47 14.3 0 15 
91 5 

9/ 7 2.6 210 10.0 43.6 0 20 
9/ 8 3.0 150 13.25 86.7 129 -58 
9/21 7.3 1140 30.3 318.0 298.5 13 
9/25 5.9 1350 0 569.4 533.7 -29 
9/28 6.0 1800 2.54 566.7 614.4 -58 
10/12 5.7 1560 0 484 457 -34 
10/16 3.4 1140 0 596 509 - 9  
10/17 2.08 390 0 161 123 3 
10118 5.72 1080 0 475 342 5 
10/20 4.68 650 0 363 282 5 
10123 5.92 2340 0 810 689 -15 
10/25 5.15 2190 0 121 66 22 
10/27 8.05 4710 92 90 1 852 -39 
1 O/ 28 4.25 2220 70 237 215 - 5  
10129 0.8 210 16 1 0 2 
1113 4.35 1110 30 25 7 213 - 3  
1114 0.88 60 0 71 0 0 
1116 8.52 480 0 46 5 408 -18 
11/11 3.71 1560 24 33n 3 28 -18 
11/13 -- 3390 84 5!45 31 1 22 
11/14 Well was shut i n  -48 

TOTALS: 88.5 2 7 750 375.7 7582.3 6370.6 
( l o o p  

aDoes not inc lude bleed t o  keep pipes hot dur ing stand-by. 

bFrom elapsed time meter. 

NOTE: Some w a t e r  from the Raker TiAs was put i n  the p i t  on 9/4, 9/7, 9/15, l0/20 
11/16 t o  permit equipment repai r ,  and a t  the completion o f  the tests .  
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data fo r  Table 4-3 were obtained d i r e c t l y  from the 1979 operat ing log  (see 
Figure 2-19). 
i n  Appendix E. 

Addit ional  informat ion about the data and the p l o t s  are included 

b. Pressure S t a b i l i t y  o f  t he  Test F l u i d  Supply. Test ing of  the HSE can 
be performed on ly  i f  i t  i s  provided w i t h  a stable f l u i d  S U D D ~ Y  pressure. Tnere- . .  - . 
fore, a t  the i n v i t a t i o n  of  P h i l l i p s ,  an inspect ion of  the FTF ea r l y  i n  i t s  opera- 
t i o n  was made by JPL and HPC. 
p r i o r  t o  the s t a r t  o f  the i n s t a l l a t i o n  of  tbe HSE t e s t  f a c i l i t y .  A t  t h i s  inspec- 
t i on ,  the FTF was perturbed t o  simulate p lac ing the  HSE i n t o  operation, o r  ste?- 
p ing  through normal load changes, i n  order t o  t e s t  the response of  the FTF. 
Pressure s t a b i l i t y  and leve l  cont ro l  i n  the separator were observed and seen t o  
meet the HSE t e s t  requirements. Subsequently, necessary changes were made by 
P h i l l i p s  i n  the method o f  c o n t r o l l i n g  the FTF before the i n s t a l l a t i o n  of the HSE 
t e s t  f a c i i i t y .  A smaller cont ro l  valve o f  a type less susceptable t o  scale 
deposits was i n s t a l l e d  i n  p a r a l l e l  w i t h  a manually adjustable bypass 
(Figure 4-2). 
separator being stable i n  normal operation but eas i l y  upset by the HSE t e s t  
operation i n  1978. The consequences led P h i l l i p s  t o  author ize a JPL r e v i s i o n  of 
the FTF pressure and level  cont ro l  method dur ing t h e  HSE t e s t  per iod which was 
then ca r r i ed  over, i n  p r i n c i p l e ,  i n t o  the 1979 FTF design (see Figure 4-3). 

This inspect ion took place on October 18, 1977, 

These changes resul ted i n  the l i q u i d  leve l  and pressure i n  the 

c. Scale Formation. Paralqount i n  the performance t e s t i n g  of  t he  HSE i s  
the formation o f  scale or: the ro to rs  dur ing test ing.  
app l i ca t i on  was conceived as a wellhead device, scale formation w i t h i n  the 
machine was expected. Accordingly, HPC designed aqd fabr icated the machine t o  be 
compatible w i th  the scale deposits. 
w i t h i n  the machine which would be f i l l e d  i n  wi th  scale deposits on the ro to rs  and 
r o t o r  case i n t e r i o r  during operation. U n t i l  these clearances close, the machine 
i s  unf in ished and su f fe rs  dt .raded performance because of leakage past the 
rotors.  

Since the HSE geothermal 

One feature of t h i s  design was clearances 

During an inspect ion of the Well 54-3 s i t e  on December 1, 1976, JPL checked 
a sample o f  scale from a surface pipe dsing bat tery  acid. The scale bubbled 
vigorously. This observation, the well  water analysis (see Appendix F),  the 
process s p e c i f i c a t i m s  f o r  the FTF operation, and the large pressure drop the 
f l u i d  would experience i n  passing through the HSE, l e d  the JPL i nves t i ga to r  t o  
conclude tha t  scale deposits would occur w i t h i n  the machine dur ing the tes t i ng .  
This conclusion was reached against the background o f  +.he P h i l l i p s '  view tha t  
sca l ing would not occur i n  the surface pipe. Actual ly,  sca l ing i n  the machine 
d i d  not occur dur ing the 1378 t e s t i n g  but i t  d i d  occur i n  the production well  and 
i n  the FTF surface pipe i n  amounts s u f f i c i e n t  t o  i n t e r f e r e  w i th  the t e s t i n g  of 
the HSE. 
outs ide o f  the speci f ied conGitions because of the i n i t i a l  l i m i t a t i o n s  imposed by 
the disposal wel l .  This m a t t e r  was reviewed c a r e f u l l y  i n  preparat ion for  the 
1979 HSC tests .  Two reasonable options appeared ava i l ab le  -- e i t h e r  t o  bypass 
the FTF par t  of  the time and f low d i r e c t l y  t o  the HSE, or  t o  operate the FTF 

The cause was belie,red due l a r g e l y  t o  the need t o  operate the FTF 
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separator a t  wellhead pressure so tha t  f l u i d s  could be del ivered t o  the HSE 
essen t ia l l y  a t  wellhead pressure. 
since scale deposits occurred there, they would occur i n  a p a r a l l e l  process if 
condit ions were comparable. 

The premise i n  bypassing the FTF was t h a t  

Bypassinq the FTF would have required adding a valve a t  or  near the wellhead 
and running another p ipe l i ne  t o  the  HSE. The disadvantages of  t h i s  approach were 
the  added cost, the i n a b i l i t y  t o  measure d i r e c t l y  the f l u i d  received, and the 
prospects o f  s lug f iow forming i n  the pipe. 
separator a t  we1 1 head pressure avoided these disadvantages and created no others. 
This matter, dlong w i th  schedules, etc., was discuskred w i t h  P h i l l i p s  i n  S a l t  Lake 
C i t y  on January 15, 1979. The P h i l l i p s '  operat ing plan for the FTF was to  
r e s t r i c t  the f low a t  Well 82-33 and t o  a l low the separator t o  " r i d e  the w e l l "  
w i th  the separator pressure maintained a t  385 psig. Lower separator pressures 
would not be avai lab le,  and che HSE t e s t i n g  was t o  be planned accordingly. I n  
a c t u a l i t y ,  a substant ia l  pressure drop was taken i n  the FTF between the well and 
the separator dur ing the  1979 HSE tes t ing ,  and P h i l l i p s  i n jec ted  an assortment of 
scale i n h i b i t o r s  i n t o  the main pipe near the wellhead much o f  the time t o  study 
and cont ro l  the scale formation o f  the FTF. Whether the departure from the  
operat ing plan o f  the FTF resu l ted  from d well "blowout" on June 8, o r  from a 
change i n  P h i l l i p s '  t e s t  object ives was not ascertained, but scale deposi t ion i n  
the  HSE d i d  not occur. Attempts t o  work around t h i s  problem are discussed i n  
Sections I.B. and 1I.D. 

The advantages of  operating the  
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SECTION V 

PERFORMANCE EVALUATION METHODOLOGY 

A. THEORY 

For the purpose of performance evaluat ion o f  the HSt, the expmder 
e f f i c i e n c y  rl i s  defined as: 

where r' = shaft  output power 
m = f low o f  f l u i d  through the HSE 
h i  = s p e c i f i c  enthalpy of f l u i d  enter ing the HSE a t  i n l e t  pressure 

p i  and in:et temperature t i  

and hes = s p e c i f i c  enthalpy which would r e s u l t  from the i sen t rop i c  

The value o f  hZs i s  calculated from h i  and 
expansion o f  the f l u i d  from t h e  HSE i n l e t  condi t ion t o  the o u t l e t  
pressure pp. 
the thermodynamic proper t ies o f  the f l u i d  a t  the i c l e t  and o u t l e t  
pressures. 

i, and h i  must be determined experimental ly. 

This i s  the standard equation f o r  t u r b i c e  e f f i c i ency  under steady-state opera- 
t i o n  which i s  equal t o  the r a t i o  o f  the actual  work done by the expanding f l u i d  
t o  the dork o f  an ideal  expansior, over the same pressure i n t e r v a l .  

P r i o r  t o  the 1 5 , ~  test ing,  the question was raised as t o  whether t h r o t t l i n g  
losses i n  the t h r o t t l e ,  o r  f l 7 w  cont ro l  valve, o f  the eApander were s i g n i f i c a n t .  
As a means o f  resolv ing the question, a pressure tap was i n s t a l l e d  i n  the th roa t  
of the t h r o t t l e  fo r  the 1979 t e s t s  by d r i l l i n g  a passage throug:; the t h r o L t l e  
gate and contro l  rod t o  a pressure transducc: designated as p ~ .  This permit ted 
c a l c u l a t i n g  expander e f f i c i ency  on the basis of  pressure p~ a c t u a l l y  enter ing 
the r o t o r  pocket A (see Figure. 2-1) ra ther  than on the basis of  the upstream 
pressure p i  ncrmally ilsed. I f  t h r o t t l i n g  losses are s i g n i f i c a n t ,  the ca lcu la-  
t i o n  based ofl po should bit:s the calcu ated e f f i c i e n c y  i n  favor o f  thcl expander 
since k i n e t i c  energy ga,n?rf bli the f l u  d dur ing th , -o t t l ing imparts momentum t o  
the rotors ,  res;i t i n g  i n  an ulmrlasured bonus f o r  t h i s  ca lcu lat ion.  Measurement 
of pressure pg, and the calc :a t ion of  e f f i c i e n c y  based thereon, were included 
i n  some o f  t h ?  1979 tests.  r t p i s  e f f i c  ency i s  designated iid ef fpd% by the 
con;p?r t e r . 
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Tmediately a f t e r  the 1979 test ing,  examination of  the t e s t  datc and the 
calculated resu l t s  revealed tha t  under some t e s t  condit ions of  htgh expander load 
the measured exhaust pressure p2 var ied e r r d t i c a l  ly, perhaps from bu f fe t i ng  by 
exhaust f l u i d s  issuing underexpanded from the exhaust ports. Therefore, the 
expander machine e f f i c i e n c y  was calculated also on the basis o f  the ;tate o f  the 
exhaust f ? u i d s  determined by temperature t 2  ra ther  than pressure p2 since the 
temperature measurement was not s i m i l a r i l y  affected. E f f i c i ency  so calculated i s  
designated as eff256 o r  effTP% by the computer t o  contrast i t  w i th  effX, the 
v r a n d e r  e f f i c i ency  based on pressure. 
ill 1978 tes ts  and f o r  a l l  1979 t e s t s  having steady exhaust pressure measure- 
ments" 

The pressure-based e f f %  i s  preferred fo r  

E. I E S T  "ROCESS ! 1'  uAMENTALS 

The ?ems of determining P, r i ~  and h l  i n  the e f f i c i e n c y  equation depends on 
the tes t  process selected. The measurement o f  the shaft  power, P, by torque and 
rpm transducers was considered. I n  fact ,  the HSE shaft  coupling t o  the speed 
reducer was provided w i th  a removable section t o  permit i nse r t i on  of these 
trar:ducers. However, since the HSE d r i ves  an a l te rna to r  whose e l e c t r i c a l  power 
cutput. Pp, can be measured accurately, t h i s  method was selected on the basis 
o f  cost  aEd r e l i a b i l i t y .  This 
a, and the gear box losses, b, 
condit ions o f  power fac to r  and 

led t o  the requirement tha t  the a l te rna to r  losses, 
be determined as a funct ion o f  operating 
load. Thus, 

P = Pe + a  t b ( 3 )  

(This usage of  a and b i s  not re la ted t o  the a(3) and b(3) c a l i b r a t i o n  coef f i -  
c ients  discussed e a r l i e r  i n  Section 11 .E.3.) 

The a l t e r n a t o r  and gear box 1oss.s were determined from data obtained from 
the o r i g i n a l  equipment manufacturer. The a1 te rna to r  losses were a c t u a l l y  
measured i n  a comprehensive c a l i b r a t i o n  p r i o r  t o  de l ivery ;  the gear box losses 
were calculated f o r  each of  the three gear sets from a computer program based on 
theories o f  bearing and gear mesh losses. 
expressions f o r  a and b are contained i n  Reference 3 and are sumnarized i n  
Appendix G. 

The loss data and der ivat ions o f  

The above expression f o r  shaft power P i s  not exact. It ignores the 
7-1/2 hp (5.6 kW) load o f  the o i l  pump which was i n s t a l l e d  on the gear box. This 
pump load i s  independent of  power p lant  load and varies wi th  the temperature of  
the o i l  and the puap rpm. These parameters were maintained constant during the 
test ing.  The pump supplies o i l  f o r  the HSE and the gear box. I f  the pump 
supplied only the gear box, it would be correct  t o  add t h i s  load t o  the gear box 
losses, g i v i n g  the HSE c r e d i t  f o r  t h i s  added power output, I f  the pump supplied 
o i l  only t o  the HSE, i t  would be proper t o  ignore t h i s  power output, t r e a t i n g  i t  
as  a p a r a s i t i c  load as i f  the gear pump were ac tua l l y  i n s t a l l e d  on or w i th in  the 
HSE. 
l a ted  HSE performance i s  penalized by the pump contr ibut ion t o  the gear box. On 

The fac t  t ha t  the pump serves both equipment items means tha t  the calcu- 
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the  other  hand, the  HSE imposes p a r a s i t i c  e l e c t r i c a l  loads on the power p lan t  i n  
order t o  operate. These loads inc lude ba t te ry  charger, grease i n j e c t i o n  motor, 
o i l  booster pump and o i l  p u r i f i e r  s t a r t i n g  i n  1979, a share o f  the o i l  coo l ing  
fan, etc. The p a r a s i t i c  loads were t y p i c a l l y  about 3 t o  4 kW t o t a l ,  i nc lud ing  
the  gear box share of the o i l  cool ing fan and the  a i r  compressor fo r  the  automa- 
t i c  p ipe l i ne  values. The calculated HSE performance receives a c r e d i t  fo r  i t s  
share o f  the pa ras i t  c e l e c t r i c a l  loads becduse they were not subtracted from the 
shaf t  output power. The penalty and c r e d i t  o f f s e t  one another; the d i f fe rence i s  
small, and has been gnored i n  the ca lcu la t ion  o f  the  HSE e f f i c i ency .  The e r r o r  
i s  neg l ig ib le ,  espec a l l y  a t  larqe p lan t  load. 

The i n l e t  enthalpy h i  must be determined by i n d i r e c t  measurement, and i n  
the t y p i c a l  case o f  trro-phase flow, so a lso must the  f lowra te  h. 
n ized ear ly  i n  t h i s  ?reject tha t  these two quan t i t i es  could be determined by 
measurements made e i t h e r  upstream o r  downstream from the expander. 
ments upstream, the two-phase f low can be separated i n t o  vapor and l i q u i d  strslams 
whose f lowrates and enthalpies can be determined. The two streams can be 
recombined t o  give a stream o f  known f lowra te  and enthalpy t o  the expander. 
Thus, 

It was recog- 

For measu-e- 

m = mv t mf 

and 

or  
b . 

t m h  mvhv f f 
h l  = . b 

mv + mf 

( 4 )  

where v refers t o  the vapor stream and f refers t o  the l i q u i d  stream. Since t h e  
two streams are a t  saturation, the enthalpy 0: each can be determined from tab les 
or equations o f  the thermodynamic properi!es of steam and water by measuring the  
temperature o r  pressure. 
noncondensable qases i n  the vapor can be made i f  t h e i r  concentrations are s ign i -  
f i cant. 

lhermodynamic cc~r rec t ions  f o r  s a l t s  i n  the l i q u i d  o r  

The c a l c u l j t i o n  qf the e f f i c i e n c y  by downstrebm measurement i s  s i m i l a r  t o  
the above. For an act .’ expander, the sum o f  +he power output and the thermal 
losses equals the product o f  the f l u i d  f lowrate and the actual change i n  the 
spec i f i c  enthalpy of  the f l u i d  passing through the machine, o r  

5-3 



Thus, 

P + losses h l  = bp t . 
m 

I n  t h i s  work, thermal losses were neg l i g ib l y  small, so 

h i  = hp t 
n (9) 

As w i t h  upstream measurement, the exhaust stream can be separated i n t o  two 
single-phase streams for determining h2 and m, o r  cool ing water a t  measured 
f lowrate and temperature can be mixed w i t h  the exhaust t o  condense the steam i n  
preparat ion f o r  measuring the r e s u l t i n g  f lowrate and temperature. This l a t t e r  
treatment i s  compatible w i th  the use o f  a contact condenser for  vacuum operation. 
It i s  included i n  the ca lcu lat ions discussed i n  the fo l low ing  text .  

The above analysis served as the basis for  a l l  process design sttidies mado 
i n  t h i s  Project .  To support the process design studies, ca lcu la t ions  were madt 
of mass f lowrates and cco l ing  water f lowrates as a funct ion o f  i n l e t  pressure, 
i n l e t  steam q u a l i t y ,  exhaust pressure, and cool ing water temperature f o r  assumed 
machine e f f i c i e n c i e s  o f  60 acd 70% and a load o f  1000 kW. The calculated r e s u l t s  
are independent o f  expdnder type f o r  the selected parameters and are o f  general 
use i n  process planning (Appendix H). The selected ranges o f  i n t e r e s t  were i n l e t  
pressures t o  650 psia, i n l e t  steam q u a l i t y  from 0 t o  25%, exhaust pressure a t  1 
atmosphere o r  3 psia, and cool ing water temperatures of 80 and 100 F. From these 
ca lcu lat ions,  i n  conjunction w i t h  process studies, a proposed t e s t  matr ix  for  
noncondensing operation was prepared o f  t e s t  po ints  bel ieved a t  the time t o  be 
a t ta inab le  and adequate t o  p e r m i t  a reasonable evaluat ion of  the performance 
charac ter is t i cs  o f  the  HSE (see Appendix I ) .  (Thic, matr ix  fo r  noncondensing 
operation was submitted by JPL as a formal t e s t  p lan and was approved by ERDA. 
It was l a t e r  modif ied i n  the f i e l d  t o  conform wi th  ava i lab le  t e s t  condit ions.) 
The process design studies served as a basis for de f in ing  t e s t  s i t e  requirements, 
and grea t ly  s i m p l i f i e d  the s i t e  se lect ion process. 
selected, the studies permitted evaluat ing the process options versus the cost. 

Once the t e s t  s i t e  was 

C. PROCESS OPTIONS 

Several o f  the process options which were formulated and studied are 
discussed below. 
are determined downstream as i n  Process Nos. 1, 2 and 3 o r  upstream as i n  Process 
Nos. 4, 5 and 6. 

These are grouped according t o  whether the f l o w  and enthalpy 

1. Process Number 1 

Process No. 1 (Figure 5-1) i s  simple, not v e r s a t i l e  and p o t e n t i a l l y  
inexpensive. I n l e t  f l u i d  t o  the  HSE i s  a t  constant enthalpy as determined by the  
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wel l ,  and a t  var iab le  pressure as .letermined by the pressure contro l  valve. The 
pressure contro l  valve could be re4laced w i t h  a set of o r i f i c i e s  i n  p a r a l l e l  f o r  
h igh l y  sca l ing brine. Cooling wata?r, a t  measured temperatures, i s  mixed w i th  the 
exhaust i n  an amount s u f f i c i e n t  t o  condense the steam. Cost i s  minimized i f  the  
coo l ing  water supply, heat re jec t i on  and waste ~ l i sposa l  can a l l  be provided by a 
pond or  lagoon. The temperature and f lowra te  01 the combined f low downstream 
from the HSE is measured a f te r  a s . i i tab le  mixing length of  pipe. 
and enthalpy o f  the expander exhaust can then be calcu lated by a mater ia l  dnd 
energy balance i n  and out o f  the po in t  o f  mixing. The process requires tha t  
there be very 1 i t t l e  noncondensables f o r  accuracy o f  f low measurement and 
enthalpy determination, otherwise the res idual  vapor phase must be removed from 
the combined f low stream and processed or measured separately. This minimum 
budget process was cmsidered as espec ia l l y  su i tab le  f o r  the Salton Sea KGRA 
where a minimum of equipment would be an advantage. The process ca lcu la t ions  
shown i n  Appendix H are based on t h i s  process. 

The f l cwra te  

2. Process tJimber 2 

Process No. 7 (F igure 5-2) separates the expander exhaust i n t o  vapor and 
l i q u i d  streams f o r  measurement. 
pump. 
can be made i n  the ca lcu la t ion .  The process shares w i t h  Process No. 1 the  
advantage o f  a wellhead i n s t a l l a t i o n  but  s i m i l a r l y  :acks v e r s 3 t i l i t y .  This 
process was used f o r  the 1980 t e s t i n g  i n  Mexico. TBst v e r s a t i l i t y  can be added 
t o  both Process Nos. 1 and 2 by i n s t a l l i n g  a f r a c t i f m a t o r  between the well  and 
expander as shGwn i n  Process No. 2 (see Figure 5 - 3 ) .  

!t requires a separator but no coo l ing  water o r  
Noncondensabl es are no probl em; i f they are known, sui tab1 e correct ions 

3. Process Number 3 

Process No. 3 (F igure 5-3) uses a modif ied wellhead i n s t a l l a t i o n  by 
i n s e r t i n g  a f rac t i ona to r  between the wel l  and the expander. The purpose o f  t he  
f rac t i ona to r  i s  t o  a1 low bypassing e i t h e r  predominantly vapor o r  predominantly 
l i q u i d  from the f rac t i ona to r  t o  waste i n  order t o  decrease or  increase the steam 
f r a c t i o n  o f  feed t o  the expander. The f rac t i ona to r  i s  essen t ia l l y  an i n e f f i c i e n t  
separator but i s  less expensive although not as versa t i le .  The v e r s a t i l i t y  o f  
t he  f rac t i ona to r  can be increased by t h r o t t l i n g  upstream o f  the f rac t iova tor .  
The supply pressure t o  the expander can be adjusted t o  pressures a t  o r  below 
wellhead pressure by the Combination o f  valve se t t ings  i n t o  and out of the 
f rac t ionator .  A contact condenser i n s t a l l e d  downstream from the expander a1 lows 
operation o f  the expander w i th  a range of  exhaust pressures a t  atmospheric pres- 
sure and below. Operating a t  exhaust pressures a t  and above atmospheric pressure 
requi res only the i n s t a l l a t i o n  o f  a valve or other f low r e s t r i c t o r  i n  the 
expander exhaust pipe. A mater ia l  and energy balance i n  and out o f  the condenser 
by measurements on single-phase f l u i d  streams, as ind icated i n  the f igure,  suf- 
f i ces t o  determi ne the expander f 1 owrate and exhaus' enthal py. 

This process was considered t o  be the best cho.ce f o r  a l l  su i tab le  s i tes.  
The i n s t a l l a t i o n  i s  compact and very versa t i le .  Ass)ociated processes such as 
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spray cool ing or  waste disposal augmentation were recognized as possible s i t e -  
spec i f i c  necessit ies. The design r tgdy o f  t h i s  process was based on the design 
spec i f i ca t i ons  o f  the HSE and not on the cha rac te r i s t i cs  o f  any p a r t i c u l a r  well. 
Some o f  the design parameters are shown i n  Table 5-1. The process was the basis 
o f  the planning f o r  the proposed i q s t a l l a t i o n  a t  P h i l l i p s '  Well 13-10 i n  the 
Roosevelt KGRA a t  the time the use o f  tha t  s i t e  was believed t o  be possible. 

The use of Well 13-10 was ru led out f o r  two main reascns. The Pro jec t  use 
o f  t h i s  wel l  would have in te r fe red  w i th  the reservo i r  evaluat ion which was 
scheduled by P h i l l i p s ,  and the contemplated tes ts  were not compatible w i th  
e x i s t i n g  Bureau o f  Land Management author izat ions obtained by Ph i l 1  ips. 
Therefore, P h i l l i p s '  i n v i t a t i o n  for  t h i s  P ro jec t  t o  make use o f  the FTF a t  nearby 
Well 54-3 was very welcome. The nl?ed t o  place the  HSE approximately 400 feet 
from the wel l  and t o  repressurize the waste water f o r  disposal, however, imposed 
unexpected costs on the  Pro ject .  These costs were ref lected i n  the process 
designs studied f o r  t e s t i n g  a t  We1 1 54-3. The process desiqns were based on the 
Phi 11 i p s '  spec i f i ca t i on  o f  a 385-psia operating pressure for the FTF separator. 

4. Process Number 4 

Process No. 4 (F igure 5-4) i s  the simplest, l eas t  expensive and 
p o t e n t i a l l y  the most accurate method which was ava i lab le  f o r  t e s t i n g  the  HSE a t  
Well 54-3. It e n t a i l s  receiv tng only l i q u i d  from the FTF and sending i t  
t h r o t t l e d  or  un th ro t t l ed  t o  the expander f o r  expansion t o  atmospheric pressure. 
The l i q u i d  leav ing the separator i s  saturated and, since i t s  temperature can be 
measured eas i ly ,  i t s  enthalpy can be determined from t la i  steam tables. A correc- 
t i o r i  can be made for the dissolved so l ids.  Idea l l y ,  the enthalpy can be deter- 
mined from the separator pressure, but  the pressure o f  gaseous impur i t ies ,  i f  
present, makes the pressgre abnormally high. This can be checked by comparing 
the pressure and temperature measurements. I f  heat losses from the pipe down- 
stream from the po in t  of measurement are small, the f low t o  the expander nearby 
i s  essen t ia l l y  a t  constant enthalpy and so the i n l e t  enthalpy h l  i s  known. The 
f lowra te  can be measured i n  the a l l - l i q u i d  s ta te  leav ing the separator using an 
o r i f i c e  meter i f  the meter run i s  posi t ioned t o  provide s u f f i c i e n t  head t o  pre- 
vent f l ash ing  i n  the meter. The pressure t o  the expander can be held constant a t  
o r  below separator pressure, less l i n e  losses, by means of the pressure- 
regu la t ing  valve shown i n  the supply l i n e  near the expander. With the p rov i s ion  
f o r  t h r n t t l  i ng  the l i q u i d  froin the separator, operating a t  the spec i f ied  pressure 
o f  385 ps;g, the in;et : m i i t i o n s  t o  the exoander are shown i n  Figure 5-5 as the 
s o l i d  curve o f  constant enthalpy which re la tes  i n l e t  pressure and steam qua l i t y .  
I f  the separator can be operated d t  successively lower pressures, the curve 
s h i f t s ,  reaching the pos i t i on  o f  the dashed curve i n  the f i gu re  f o r  a separator 
pressure o f  200 psia. Thus, any operating po in t  on o r  between the curves can be 
made avai lab le.  
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Table 5-1. 
He\ i c a l  Screw Expander Support Equipment 

Process No. 3 Design Parameters 

I .  I n l e t  Streams 

Temperature, O F  

Pressure a t  source, psia 

Flow rate,  lb /h  

Maximum 
Maxi  mum 

Steam Q u a l i t y  a t  Expander 
I n l e t ,  w t  % 

11. Fract ionator - Separator 

Maximum Excess Steam, l b / h  

Maximum Excess Brine, l b / h  

Maximum Process Pressure, psia 

Maximuin Process Temperature, O F  

111. Contact Condenser 

Process Pressure, psia 

Process Temperature, OF 

Non-Condensi b l  es, 1 b/h 
(200 ppm C O 2  i n  br ine 
20 ppm a i r  !I: cool ing water) 

Br ine - 
280-500 

50-656 

200,000 
10,000 

Cool i n g  Water 

100 

atmospheric 

600,000 
30,000 

0- 20 --- 

40,000 (50 psia, 280 O F )  

100,000 

650 

500 

14.7 normal 
3.0 minimum 

212 normal 
140 minimum 

55 maximum 

I V .  O r i f i c e  Meter Runs 

p,  o r i  f i ce d i  ameter/pi pe a i  ameter 0.70 maximum 
0.15 minimum 
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5. Process Number 5 

I n  Process No. 5 (Figure 5-6) exhaust from the expander a t  atmospheric 
pressure flows t o  a waste tank where the vapcr i s  vented t o  the atmosphere. 
L iqu id  flows by g rav i t y  t o  a pump f o r  repressur izat ion so that  the waste water 
can be i n jec ted  i n t o  the disposal l i n e  from the separator dowmtream from the 
po in t  a t  which i t  was taken f o r  use by the expander. This pressurized waste 
water provides a supply o f  low temperature waste water (approximately Z O O O F )  
which can be in jec ted  i n  small amounts i n t o  the feedl ine t o  the expander, a t  a 
su i tab le  distance upstream from the o r i f i c e  meter, t o  lower the temperature of 
the  feed stream and ensure aqainst f lash ing  i n  the o r i f i c e .  For the Well 54-3 
i n s t a l l a t i o n ,  the feed pipe t o  the expander rose i n  e leva t ion  18 feet. This 
presented the l i ke l i hood  that  f lash ing  would occur i n  the pipe before the pres- 
sure contro l  valve because of the combined e f fec ts  of pipe loss and e leva t ion  
gain. By increasing the recycled waste water f low i t  i s  possible t o  lower the 
enthalpy of the feed stream s u f f i c i e n t l y  t o  prevent f lash ing before the pressure 
cont ro l  valve. This p o s s i b i l i t y  soon led t o  the rea l i za t i on  tha t  the amount of 
recycled water could be increased as desired t o  degrade the feed enthalpy t o  any 
su i tab le  value between the enthalpies o f  tke separator l i q u i d  and the waste water 
stream. The implementation of  t h i s  concept i s  shown i n  Figure 5-6 as Process 
No. 5. I n  t h i s  Pro jec t ,  f l u i d  feed t o  the HSE, which has been cooled i n t o  the 
compressed l i q u i d  region, i s  reported as having a negative q u a l i t y  Q, wi th  the  
absolute value i nd i ca t i ng  the mount o f  subcooling i n  O F .  

6. Process Number 6 

I f  vapor from th2 separator i n  Figure 5-6 i s  fed t o  the expander i n  
cont ro l led  amounts along w i th  the l i q u i d ,  the operating condit ions t o  the r i g h t  
o f  the curve o f  Figure 5-5 become avai lable. This i s  accomplished by Process 
No. 6 (F igure 5-7). Proces; No, 6 requires the add i t ion  of the steam l ine ,  a 
f low meter anA a f low contro l  valve t o  tbe conf igurat ion of Process No. 5 a t  
corresponding added cost. 
e f f i c i ency  equation a r e  then calculated by a mater ia l  and energy balance w i th  the  
combining streams. Because t h i s  process i s  the one ac tua l l y  used f o r  the t e s t i n g  
i n  Utah, it i s  discussed i n  more a e t a i l  below. Relevan’ d e t a i l s  o f  Process No. 5 

The f lowrate m and the i n l e t  enthalpy h l  o f  the 

apply 

Figure 5 - 7  shows schematically how the JPL expander t e s t  f a c i l i t y  was in te -  
grated i n t o  the  P h i l l i p s ’  FTF. This i n teg ra t i on  i s  also shown i n  Figure 5-8 
which i s  approximately t o  scale and more complete. It shows tha t  there were 
ac tua l l y  two waste tanks i n  series and two waste pumps i n  para l lp ’ .  The process 
parameters w i th  the subscripts i n  Figure 5-7 and 5-8 were ineasured by the JPL 
data system. 

Except where noted, 6-inch dianeter pipe was used throughout m s t  of  the JPL 
Exceptions include a 24-inch diameter exhaust pipe from expander t e s t  f ac i  1 i t y ,  

the  expander t o  the f i r s t  waste tank, 1C-inch diameter pipe f o r  the wastewater 
from the tanks t o  the pumps, and 4-inch diameter meter runs f o r  the vor ter -  
shedding flow meters i n  the pump discharge system. 
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SITE SCHEMATIC As of 
5/23/78 
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As seen i n  an aer ia l  view (Figure 5-9) and as discussed e a r l i e r ,  t e s t i n g  a t  
Well 54-3 w i th  the FTF required tha t  the expander be i n s t a l l e d  above and a t  a 
considerable distance from the Well t o  al low the HSE t o  discharge i n t o  the 
e x i s t i n g  p i t  which was up-slope from the well .  The water feed pipe from the FTF 
t o  the point  o f  mixing was 470- f ee t  long and rose 18 fee t  i n  elevation; the 
steam pipe length was 399 feet  and rose the same amount. 
be seen i n  Figures 5-10 and 5-11. 

Some of  t h i s  r i s e  can 

Accurate tes t  resu l t s  require accurate measurement o f  the f l c w r a t t  and the 
s ta te  o f  both feed streams a t  the po in t  o f  mixing. 
hv were measured by o r i f i c e  meters made t o  ASME standards (see Appendix 3 ) .  
(Senior Daniels meter runs were used t o  f a c i l i t a t e  changing the o r i f i c e  p la tes on 
l i n e ,  as shown i n  Figure 5-12.) As discussed under Process No. 4, the water meter 
run was placed at  a low e levat ion w i th  respect t o  the separator t o  prevent 
f l ash ing  i n  the meter. Provis ion was made t o  i n j e c t  pressurized wster from the 
expander exhaust upstream from the meter t o  ensure t h a t  f l ash ing  d i d  not occur i n  
the meter or i n  the pipe as it gained i n  e levat ion between the meter and the 
control  valve a t  the end of  the water pipe. As a f u r t h e r  deterrent t o  f l ash ing  
i n  the water o r i f i c e  meter, heat loss from the pipe upstream from the meter was 
encouraged by running the pipe uninsulated par t  of  the distance -- approximately 
116 feet, thus also saving money. The temperature ts o f  the supply water from 
the separator, the temperature tr of the recycled water, and the temperature 
to and f lowrate o f  the combined stream through the o r i f i c e  meter were 
measured; the recycled water f low ra te  hr was also measured by a vortex- 
shedding meter (see Figure 5-13). These measurements permitted checking e i t h e r  
f low measurement against a calculated value, or ca l cu la t i ng  a f lowrate i f  one 
meter was out o f  range. Qecycled f low rates less than 15,000 lb /h were calcu- 
lated. The points of  measurement are shown i n  f i g u r e  5-8. 
t o r i n g  meter accuracy requires very accurate measurement o f  ts and to o f  the 
main stream. Spare thermal wel ls  were i n s t a l l e d  t o  permit adding d i f f e r e n t i a l  
temperature measuring equipment had i t  been considered necessary; it was not. 
improve the accuracy of  measurement o f  to, mixing o f  the supply and recycled 
streams was aided by i n s e r t i n g  a passive mixer (6-element Ross Model LPD) i n  t he  
pipe, j u s t  downstream from the po in t  o f  mixing, dur ing the preparations f o r  the 
1979 tests. The water supply pipe and the recycle pipe were thermally insu lated 
upstream from the points of  temperature measurement f o r  a distance greater than 
the mixing length o f  the pipes. This i n s u l a t i o n  was then continued a l l  the way 
t o  the expander base so tha t  the temperature measurement o f  the feed stream tf 
near the end o f  the water pipe would not be disturbed by heat loss from the p ipe 
downstream from to. I n  addi t ion,  the close agreement between temperatures to 
and tf under steady-state operation was very informat ive regarding the status 
o f  the process and the data acqu is i t i on  system. 

80th stream f lows mf and 

This method o f  moni- 

To 

Precautions must be taken i n  determining the flow rate I& and enthalpy 
hv o f  the vapor stream because the vapor i s  not pure dry steam. 
vapor leaving the FTF separator i s  dry, i t  w i l l  lose heat t o  the pipe and become 
wet. Suspended w a t e r  droplets can f lash i n  the f low meter t o  cause a9 erroneous 
reading, and gaseous impur i t i es  t y p i c a l l y  found i n  geotherma! f l u i d s  complicate 
the determination of both f low and enthalpy. 
necessary. I n  the process i n s t a l l a t i o n ,  an e f f i c i e n t  separator, or demister, 
fol lowed c losely  by a t h r o t t l i n g  va lve ,  PCV,, was i n s t a l l e d  upstream from the 

Even i f  the 

Gas analysis and correct ions are 
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o r i f i c e  meter t o  ensure tha t  the vapor stream t o  be measured was dry. 
demister, w i th  a l i q u i d  leve l  s igh t  glass, i s  shown i n s t a l l e d  i n  the steam l i n e  
i n  Figure 5-14, photographed a f t e r  the t h r o t t l i n g  valve was removed as discussed 
below. The demister and a l l  steam pipes upstream were uninsulated whi le  the pipe 
downstream was insulated w i th  the fo l low ing  benef i ts :  (1) the  cost o f  i nsu la t i ng  
332 feet  o f  6-inch pipe was saved; ( 2 )  the wetted pipe wal l  i n  the uninsulated 
pipe served as a scrubber f o r  ent, ,.sed s a l t  spray i f  any sxisted; and ( 3 )  heat 
loss from the vapor leaving the: demister was minimized so tha t  the vapor would 
remain dry past the points  o f  measurement o f  &, tv and p . The omission 
o f  the i nsu la t i on  upstream from the demister and the r e s u l t i n g  cost savings were 
feas ib le  becouse the steam was a waste product being vented from the FTF. 
Condensate was removed from the dernister and i'rom two low po in ts  i n  the steam 
p i  pe by thermodynamic traps. 

The 

I n  actual operation, the measurements o f  tv and pv showed tha t  there was 
s u f f i c i e n t  t h r o t t l i n g  i n  the mesh i n  the demister so tha t  the t h r o t t l i n g  valve 
PCV, was not necessary and the valve was l e f t  f u l l y  open. 
was l a t e r  moved on May 17, 1978, t o  become the separator leve l  cont ro l  valve 
LCV, for  the durat ion o f  the 1978 operations (sez Figures 4-3 and 5-8). ihe 
c o n t r c l l e r  f o r  valve PCV, was used t o  convert the former leve l  cont ro l  valve, 
LCV (see Figures 4-1, 4-2 and 5-7), t o  a separator pressure contro l  valve, PCV, 
(see Figure 5-8), f o r  the remaining 1978 and 1979 operations. The LCV, was a 
globe va?ve selected f o r  steam service which tendeu t o  scale i n  h-ine service. 
For the 1?79 aperation, P h i l l i p s  replaced the glsbe valve w i th  a co r rec t l y  sized 
eccentr ic d isc  ( b u t t e r f l y )  valve which was placed i n  a more su i tab le  loca t ion  i n  
the main br ine  disposal l ine .  
w i th  water, and the pressure w i th  steam, gave a separator s t a b i l i t y  which made 
the t e s t i n g  o f  the HSE easy by comparison and reduced the required s ize  o f  the 
tes t  crew. 

This superheat valve 

This method o f  c o n t r o l l i n g  the separator leve l  

With the precautions discussed above, t o  ensure tha t  the feed streams of 
l i q u i d  and vapor were single-phase, the thermodynamic s tate o f  the f l u i d s  was 
determined by the measurement o f  temperature and pressure. These measurements 
were made near the end o f  the feed l i nes ,  j u s t  before mixing, p and tf fo r  

designing the process, it was assumed tha t  f lash ing would occur across PCVf f o r  
much o f  the operation, as t h i s  valve cont ro l led  +$e supply pressure t o  the  
expander, and tha t  phase separation would be minimized by a l lowing t h i s  flashed 
f l u i d  t o  f low i n  a s t ra igh t  l i n e  t o  the  HSE power p lant .  The steam was piped 
i n t o  the f lash ing  zone imnediately downstream from the valve f o r  mixing t o  take 
place. No other mixing was planned. I n  pract ice,  t h i s  arrangement proved f u l l y  
sa t i s fac to ry  f o r  cer ta in  operating condit ions, but not f o r  a l l .  A t  low load and 
low feed qua l i t y ,  the f lowrate i n  the  6-inch pipe t o  the power p lan t  was not 
s u f f i c i e n t  t o  prevent separat'on, leading t o  slugging onboard. Operating ins ta -  
b i l i t y  o f  the power p lant  resulted. This problem was caused i n  par t  by two-phase 
f low occurring i n  the pipe from the FTF separator because of unsuitable leve l  
cont ro l  i n  the separator par t  o f  the time p r i o r  t o  the i n s t a l l a t i o n  of  the 
LCV,. This was exacerbated by hunting caused by independent automatic contro l  
o f  the pressure-regulat ing valve PCVf  and the speed governor on the HSE power 
p lant .  Several modif icat ions were made i n  the prccess p ip ing  a t  various times. 

the  l i q u i d ,  and pv and t, for  the vapor (see Figures 5-7 and 5- 8 ). I n  
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F i r s t ,  the PCVf  valve was operated i n  the manual cont ro l  mode t o  become hand 
contrq l  valve HCVf.  This was an eccentr ic  d isc ( b u t t e r f l y )  valve which 
suffered damage t o  i t s  pneumatic/manual operator dur ing the course o f  the  1978 
operat'ions. It was then modif ied for  simple hand-lever operation o f  i t s  ro ta ry  
shaft ,  and thus became a very e f f e c t i v e  process contro l  too l  i n  the hand o f  a 
s k i l l e d  operator. The effectiveness of t h i s  operation was grea t ly  enhanced by 
good rad io communication among the operating locat ions of t h i s  valve, the power 
p lan t  and the Data Van. 
was replaced by smdller pipes, each w i th  a gate valve, manifolded together i n  
p a r a l l e l  (see Figure 5-8) so  tha t  by se lect ion of feed pipe s ize  or  sizes, the 
ve loc i t y  could be kept high and the f l u i d  separation minimized. The f i n a l  con- 
f i gu ra t i on  i n  1978 consisted o f  four  pipes i n  pa ra l l e l ,  one 4-inch, two 2-inch 
and one l - inch. For the 1979 test ing,  the pa ra l l e l  feed pipe arrangement was 
replaced w i th  two feed spools, one 6-inch and one 4-inch, each equipped w i th  a 
6-element passive mixer (Ross Model LPD), w i th  the spools t o  be used interchange- 
ably according t o  the feed condi t ions o f  f lowrate and steam f rac t ion .  

Second, the s ingle,  6-inch feed ptpe t o  the power p lant  

The i n s t a l l a t i o n  and operation o f  the leve l  cont ro l  valve LCV, i n  the 
waste water l i n e  t o  contro l  the leve l  i n  the tw in  waste tanks (see Figures 5-8 
and 5-15) was sa t is fac to ry  from the standpoint o f  process contro l  but not from 
tha t  of t e s t i n g  the  HSE. There was s u f f i c i e n t  disturbance o f  the leve l  o f  the 
water i n  the second waste tank, where the leve l  c o n t r o l l e r  was mounted, because 
o f  ag i ta t i on  i n  the f i r s t  tank, where the waste water was received, t o  cause some 
hunting i n  the con t ro l l e r  and valve. This caused the load OP the HSE t o  vary 
during the t e s t  because the disposal pump motors were dr iven by the  HSE power 
plant.  Thus, it was be t te r  t o  operate the leve l  cont ro l  valve manually and a l low 
the waste leve l  i n  the tanks t o  change. Process contro l  was f a c i l i t a t e d  by 
adding a waste leve l  transducer Lw t o  the data system, and by ca l cu la t i ng  the 
ra te  o f  change o f  leve l  i n  the tanks w i th  the computer operating program using a 
mater ia l  balance. The comparision o f  the calculated and observed change i n  leve l  
served as a cont inual  check on the v a l i d i t y  o f  a l l  o f  the process ca lcu la t ions  
since a l l  o f  the f low measurements, as well as ?he ca lcu lated f lash ing  w i t h i n  the 
HSE, entered i n t o  the mater ia l  balance. Agreement was excel lent  throughout the 
tests .  The level  cont ro l  valve i n s t a l l e d  i n  1978 was a globe type, and because 
it exhib i ted s t i ck ing  from scale deposits during operation, i t  was replaced w i th  
an eccentr ic  disk ( h u t t e r f l y )  t ype  w i th  hand-lever contro l  f o r  the 1979 
operation. An extension was i n s t a l l e d  on the hand-lever a t  the time of  valve 
i n s t a l l a t i o n  t o  f a c i l i t a t e  f i n e  contro l .  

Water from the waste tanks flowed by g rav i t y  through the 10-inch pipe t o  the 
two f ive-stage centr i fuge pumps which were i n s t a l l e d  i n  p a r a l l e l  as shown i n  
Figure 5-8. P a r t  of the 10-inch pipe was ex i s t i ng  pipe used f c r  t e s t i n g  
Well 54-3 p r i o r  t o  1978. Early i n  the tes t i ng  of  the  HSE, p ro tec t ive  basket 
screens i n s t a l l e d  i n  the feed l i n e s  t o  the pumps plugqed w i th  f lakes o f  scale and 
rust  believed t o  come from the o ld  pipe, thus s tarv ing the pumps and i n t e r f e r i n g  
w i th  the test ing.  Repeated cleaning o f  the screens d id  not solve the problem, 
and i t  became necessary t o  replace as  much of  the o l d  pipe as possible, leav ing 
i n  service only tha t  sect ion which passed through the p i t  w a l l .  During the 
replacement, the inner w a l l  or the the remaining o ld  sect ion was scraped w i th  a 
special too l  fabr icated f o r  the purpose. Replacement o f  the old pipe d i d  not 
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solve the problem completely so a section o f  24-inch pipe, l l - f e e t  long, was 
sp l iced i n t o  the l i n e  t o  serve as a so l ids  t r a p  (F igure 5-16). I n  addi t ion,  
p rov is ion  was madc f o r  back-flushing the screens on? a t  a t ime while they were i n  
place, using watc- from the other pump discharge, t o  reduce the need t o  remove 
the screens f o r  clearling. The blockage material i n i t i a l l y  consisted o f  mostly 
hard dark f lakes iJhich eventual ly were replaced by fewer l igh t -co lo red  f lakes o f  
scale whicn was so f t  and probably newly The density was low enough so 
tha t  the t rap  d id  not work very wel l .  During the b r i e f  t e s t i n g  i n  1979, the 
scale f lakes f e l t  so f t  enough t o  pu lver ize  i n  passing through the pumps, 50 the 
screens were removed f o r  expediency w i th  no known deleter ious o f fec is .  

A temporary process modi f icat ion,  not shown i n  e i t he r  process schematic was 
The made and used i n  1978 t o  permit t e s t i n g  the HSE a t  elevated back pressi 

mod i f i ca t ion  ' 1 C 0 ,  
i n s t a l l e d  i n  a f lange i n  the expander exhaust pipe. The device served val $1, 
t o  Lontrol the back pressure (Figures 5-17 and 5-18). A s l i d e  gate was 2 i n  
w i th  a maul or out w i th  a jack screw t o  adjust the o r i f i c e .  The device was used 
i n  the elevated back pressure tes ts  i n  Mexico i n  1980. 

- .  consisted o f  a simple back pressure p la te,  w i th  adjustablf 

I n  preparation f o r  the 1979 test ing,  a mod i f i ca t ion  was nade t o  cool the  
water from the separator t o  prevent f lbsh ing  i n  the o r i f i c e  meter, o r  i n  the pipe 
r i s e  t o  the contro l  valve HCVf .  A heat exchanger, i n  the form o f  a water 
trough, was i n s t a l l e d  around a 26-foot length of the uninsulated par t  o f  the feed 
water pipe and can be seen i n  Figure 5-19. The purpose was t o  be able t o  accomp- 
l i s h  the required temperature suppression o f  the water wi thout the admixin? o f  
recycled water i n  order t o  e l iminate the p o s s i b i l i t y  tha t  the recylced water, 
w i th  i t s  Drecipi tates,  could i n t e r f e r e  w i th  the deposit ion of  scale w i t h i n  the  
expander. The heat exchanger was not sized f o r  a l l  t e s t  condit ions, but  was 
designed w i t h  the idea tha t  scale deposited under one set of circumstances, 
perhaps every n ight ,  w w l d  meet the needs o f  any t e s t  condi t ion during the day. 
The cool ing water was K d t e r  i n  excess of the 4 gpm needed fo r  the shaf t  seals, 
produced from a steam condenser designed f o r  t h i s  combined purpose. 

Water f o r  f lush ing  the shaft seal assemblies was not needed u n t i l  the t e r t -  
i n g  i n  1979. The t ruck ing of  water t o  the s i t e  was considered, but the water 
must be o f  feed qua l i t y  su i tab le  fo r  a low pressure ind:strial bo i l e r ,  and 
ne i ther  a t ruck nor water o f  t h i s  q u a l i t y  were read i l y  avai lable. 
i t y  o f  surplus steam from the FTF made the production .f steam condensate appear 
p rac t i ca l  f o r  t h i s  purpose. Therefore, steam was withdrawn from near the bottom 
of the demister and passed a t  nearly FTF pressure through a heat exchanger con- 
s i s t i n g  o f  lengths of  l - i n c h  piDe assembled near the bottom o f  the f i r s t  waste 
tank. Since the water i n  the exhaust o f  the  HSE entered the kdste tank a t  the  
atniaspheric boi l i n g  temperature of th2 t e s t  s i t e  a l t i t ude ,  approximately 2OO0F a t  
6115 feet ,  the temperature d i f f e r e n t i a l  was substant ia l .  The condensate then 
passed through an air-cooled heat exchanger o f  1/2-inch pipe ass b led along the 
east edge o f  the p i t ,  t o  drop the temperature t o  16OOF or  less  ( t i g u r e  5-20). 
The condensate was purged o f  noncondensables as i t  l e f t  the waste tank. A l i n e  
from the west end of  the a i r  exchanger assembly conveytd a po r t i on  cf the water 
through a hand v a l v e  i n t o  the trough-type heat exchanger i n s t a l l e d  on zhe water 
pipe from the FTF, as described e a r l i e r .  

The a v a i l a b i l -  

Water f o r  f lush ing  the seals passed 

5-27 











from the air-cooled heat exchanger i n t o  a 400-gallon holding tank through a f l o a t  
valve. Inspection of  the water from the holding tank revealed tha t  i t  was badly 
contaminated, possibly by corrosion products from the pipe. Expe:%nents con- 
ducted a t  the s i t e  showed tha t  aerat ion of the water along w i th  vigorous ag i ta -  
t i o n  wi th  bentoni te y ie lded clear, co lor less water o f  sa t is fac to ry  q u a l i t y  upon 
standing. The aerat ion ev ident ly  oxidized the impur i t ies  which were then f loccu- 
l a ted  and removed by the bentonite. The aerat ion and f l occu la t i on  were done i n  
the holding tank, and the s e t t l i n g  was done i n  a 20,000-gallon tank loaned t o  
t h i s  Pro ject  by the Ha l l i bu r ton  Company (Ha l l ibur ton) .  
Ha l l ibur ton  tank was then passed through a 25-micron f i l t e r  and sent t o  the 
seal-metering pump assembly. 

Treated water from the 
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SECTION V I  

FIELD TEST OPERATIONS 

A. PRE-FIELD TEST OPERATIONS: 1977 

Af ter  the fabr icat ion of  the 1-MW HSE power plant was completed i n  August 
1977, it was necessary t o  subject i t  t o  acceptance tes t ing  by HPC and JPL. The 
purpose was t o  check and adjust the s t a t i c  and dynamic performance of  the power 
p iant  and i t s  components and s;lhj.ctefnnr. and t o  in ter face with tes t  support 
equipment provided by JFL. The sqbsyqtems ; n c ; ~  jed the safety shutdown system, 
designed t o  protect  the power p lant  agzinst equipment malfuncticn, t?? hydrau i i c  
and governor speed control sptem, the lube o i l  system, the greasinp system, and 
a l l  the local  and remote power p lant  controls such as s ta r t  enable Ley switch, 
governor or  k q u e n c y  adjustment, voltage adjustment, norma? stop, and emergency 
stop. For th<s  purpose, an acceptance and in ter face test  procedure and check 
l i s t  was prebared by JPL i n  consu l ta t iw  with HPC. One version i s  presented i n  
Appendix K. The acceptance tes t ing  a l s o  examined the power p lant  f o r  v ib ra t ion  
and aljgnment o f  the dr ive  t ra in .  

The p o s s i b i l i t y  was reviewed of  moving the HSE power plant from i t s  place of 
fabrication i n  Mission Viejo, Cali fornia, t o  JPL i n  Pasadena, Cali fornia, f o r  
acceptance tes t i ng  wi th  a i r  from the JPL wind tunnel. This proposal lrras rejected 
i n  favor of tes t ing  i n  Mission Viejo using a i r  fr m rented compressors. There- 
fore, the Data Van was moved t o  Mission Vie jo  and ins ta l l ed  fo r  the tests. The 
load bank was - -t included i n  these tests because i t  was recognized that i t  would 
not be prac t ica l  t o  generate su f f i c i en t  e lec t r i ca  power from compressed a i r .  
Icstead, the load bank was f u l l y  tested a t  JPL. h is  proved advantageous because 
corrections were required by the mnufacturer f o r  weather protection of some 
e lec t r i ca l  components, matching of fan d i rect ion,  and loose control  wires. A l l  
a i r f l ow  and thermal protect;m devices were checked, and adjusted, i f  necessary. 
S a t  is factory operation resulted. 

S ta t i c  End dynamic tes t ing  of  the HSE power plant were wnducted i n  
sequence, wi th  the s t a t i c  tes t ing  being covducted a few days i n  advance t o  be 
suie the power piant was ready fo r  the more cumbersome dynamic testing. 
acceptance tes t ing  o f  the HSE power p lant  was necessary f i v e  times, once i n  
August, once i n  September, twice i n  October, bnd once i n  December. The amount of 
a i r  required for the tests was large, and required as many as seven l a r g e  engine- 
driven compressors. These engine-driven compressors are noisy and tend t o  be 
Ir,welcome i n  a normally quiet indus t r ia l  park. The f i r s t  tests  were conducted on 
Thursdays t o  make Friday a carry-over day. 
provided f o r  tes t  par t ic ipants  and neighbors. The f i f t h  test  was scheduled fo r  a 
Smday when most people would be away from the nearby business locations. 

Dynamic 

Warnings and ear protection were 
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The f i r s t  dynamic tes t ,  on August 18, provided a good check o f  the 
quipment, and a good check of the t e s t  procedgres. Minor adjustments or  r e v i -  
sions were made i n  both the equipment and t e s t  procedures. 
approached caut ious ly  and proceeded wel l  for  about 15 minutes, a t  which time t h e  
speed contro l  fa i led ,  and the t e s t  was terminated. The problem was co r rec t l y  
diagnosed as a damaged governor. The governor tha t  f a i l e d  was i n s t a l l e d  on t h e  
b e l l  housing on the high pressure end of the HSE, and was dr iven by a sp l ine  
mdted t o  the female r o t o r  shaft  w i th  very l i t t l e  clearance. The shaf t  sizes, 
bearings, bear ing type, at?d bearing clearances of the governor and the r o t o r  
d i f f e r  great ly .  It was concluded t h a t  a new governor, i n s t a l l e d  w i th  clearances 
i n  the sp l ine  t o  a l low for the possible r e l a t i v e  displacement of the two shafts, 
would solve the problem, and i t  did. 

The t e s t i n g  was 

During the second tes t ,  on September 14, the r o t a t i o n  o f  the power t r a i n  was 
very smooth and f r e e  o f  v ibrat ion,  although a de l i ca te  tachometer presented an 
e r r a t i c  d isp lay i n d i c a t i n g  the need f o r  a cushion mount. A l l  e l e c t r i c a l  systems 
appeared t o  perform wel l ,  inc lud ing power, cont ro l  and instrumentation. The 
f a u l t  detect ion system, monitored by the computer i n  the Data Van, worked we1 1, 
but  JPL sak: the need for a f a u l t  status annunciat ion panel on the power p lant .  
The second t e s t  was terminated prematurely because o f  a problem wi tk  the shaft 
seal assembly on the male r o t o r  a t  the high pressure end. The shaf t  seals were 
pressurized w i t h  o i l  through check valves. It was i n f e r r e d  tha t  f r i c t i o n  neat ing 
caused thermal expansion o f  o i l  and poss ib ly  water residues trapped i n  the seal 
assembly behind tne check valves, causing excessive pressur izat ion o f  the seal 
and, as a resu l t ,  excessive f r i c t i o n a l  heating. D i f f e r e n t i a l  thermal growth 
resulted, causing some seal re ta iners  t o  f r i c t i on -we ld  t o  the shaft  sleeve. The 
remedy was t o  replace the damaged parts,  t o  o m i t  three redundant seals from the 
repaired assembly i n  order t o  decrease the f r i c t i o n a l  heating, and t o  provide 
pressure r e l i e f  valves i n  the o i l  supply l ines.  Also, i n  preparat ion f o r  the  
next tes t ,  the tachometer was cushion-mounted, and JPL fabr ica ted  and i n s t a l l e d  a 
16- l ight  annunciator panel t o  show the status o f  the f a u l t  p ro tec t ion  shutdown 
system. 

The t h i r d  tes t ,  on October 20, was terminated bec;ilise of  ro to r - to - ro to r  
contact i n  the  HSE, ev ident ly  caused by incor rec t  adjusti ient o f  the t iming gears 
a f t e r  the i n s t a l l a t i o n  of the repaired shaft  seal assembly. The ro to rs  were 
scarred, but the damaqe was minor. The damaged surfaces were pol ished and t h e  
r o t o r s  were re-timed i n  preparation f o r  the next test .  

The four th  tes t ,  on October 27, was terminated a f t e r  approximately 1 hour 
and 45 mintues by another shaft  seal assembly fa i lu re .  This t ime the f a i l u r e  was 
a t  the low pressure end o f  the male ro to r .  
t o  trle previous f a i l u r e  on the high pressure end o f  the male rotor .  The f a i l u r e  
occurred j u s t  a f t e r  operation i n  overspeed condi t ion,  establ ished f o r  s e t t i n g  the 
overspeed switch, when surface speeds and f r i c t i o n  heating would be greatest. As 
i n  the previous tes t ,  the seals were operated w i t h  abnormally low o i l  pressure t o  
minimize heat ing dur ing run-in. An aqalysis ind icated tha t  d i f f e r e n t i a l  thermal 
growth cause? in ter ference between par ts  o f  the seal assembly housing and the 
sleeve on the r o t o r  shaft. The remedy was t o  replace the damaged parts,  o m i t  the 
redundant seals, and increase c r i t i c a l  Clearances i n  a l l  of the seal assemblies. 

The f a i l u r e  and damage were s i m i l a r  
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The f i f t h  and f i n a l  t e s t  was performed successful ly on December 4. The t e s t  
was c o n t i w e d  f o r  4 hours and 15 minutes w i th  no unfavorable inc ident .  

A f te r  the successful acceptance tes t ,  the Data Van was disconnected from the 
power p lan t  and returned t o  JPL. The HSE was o f f i c i a l l y  de l ivered t o  JPL 
in-place. A t  that  time the e l e c t r i c a l  d i s t r i b u t i o n  panel was modified t o  provide 
480-Volt, 100-aip service for  the two waste disposal pump motors needed f o r  the 
process i n s t a l l a t i o n  i n  Utah. This re f l ec ted  the change i n  plans f o r  t e s t i n g  
w i th  Well 54-3 and Process No. 6 ra ther  than Well 13-10 and Process No. 4, and 
the reso lu t ion  of how the waste disposal would be accomplished. 

B. FIELD TEST OPERATIONS: 1978 

1. Advance Preparations 

Essential t o  the f i e l d  operations i n  1978 were the design and fabr ica-  
t i o n  of the t e s t  array -- hSE power p lant ,  load bank, and D a t a  Van ( inc lud ing  the  
data system) -- the se lect ion o f  the t e s t  s i t e ,  con t rac t ing  w j th  P h i l l i p s  f o r  i t s  
use and assistance w i th  the t e s t  process i n s t a l l a t i o n ,  the design o f  the t e s t  
process, the spec i f i ca t ion  and procurement o f  the process p ip ing  and associated 
equipment, the contract ing f o r  the leasing and de l i very  of  the waste tanks, t he  
cont rac t ing  w i th  AAA Welding, Co. f o r  the t e s t  process i n s t a l l a t i o n ,  the advance 
s i t e  layout work and preparations, and the planning and approvals associated w i t h  
a l l  o f  the above. A l l  o f  these things were accomplished before the end o f  1977. 

2. Test Preparations 

The i n s t a l  l a t i o n  o f  the equipment and other t e s t  preparations at  the 
s i t e  i n  1978 began w i th  two serious const ra in ts  -- weather and schedule. The 
s i t e  was a t  irn a l t i t u d e  of  6100 fee t ,  on the west side of  the Mineral Mountains 
i n  the high western desert o f  Utah. The recbrd mean tsmperatures f o r  January and 
February based on the 65-year average + t  the nearby M i l f o r d  s tat ion,  which i s  
1072 feet  below the tes t  s i t e ,  were 25.4"F and 32.OoF, respectively. Average 
lows were 12.7"F and 19.3"F, o f ten  r2aching to  -28°F. Fortunately, the winter  o f  
1977-1978 was unusually mild, w i th  few storws, and although working condit ions 
were severe they were f a r  from impossible. Appropriate c lo th ing,  purchased i n  
advance on the basis o f  expected condit ions, proved h igh ly  benef ic ia l .  
t o log i ca l  summary for Mi l fo rd ,  about 15 mi les  away, i s  presented i n  Appendix L. 

A clima- 

The i n s t a l l a t i o q  and tes t  schedule of  the  HSE was t i e d  inexorably to  the 
t e s t  schedule o f  the FTF. The purpqse of the FTF t e s t  i n  1978 was t o  provide 
P h i l l i p s  w i th  well  production and reservo i r  pressure data, while per turb ing the  
reservo i r  u n t i l  the end o f  March, t o  thus complete a 6-month f low t e s t  which was 
s tar ted by P h i l l i p s  i n  October 1977 i n  order to  evaluate the reservo i r .  This 
schedule made the 4-month delay required f o r  the HSE power p lan t  acceptance t e s t  
very serious, It i s  obvious that  t h i s  Pro ject  would not have been wel l  served by 
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a t e s t  i n s t a l l a t i o n  which was not completed u n t i l  a f t e r  the production wel l  was 
shut-in. Therefore, once a s t a r t  of the i n s t a l l a t i o n  was possible, i t  p r i xee#x l  
on a high p r i o r i t y  basis us ing.a l1  o f  the day l igh t  hours, weekends incldaed an5 
weather permi t t ing,  u n t i l  i t  was completed. I n  general, the work went 
exceedingly well, and t e s t i n g  was ready to  begin on March 16. 

(The HPC contract w i t h  JPL speci f ied t h a t  HPC de l i ve r  an operatinq manual, 
spec i f i ca t ions  and a f i n a l  report w i th  the power plant. The urgent need f o r  HPC 
t o  ass is t  JPL w i th  the i n s t a l l a t i o n  and t e s t  preparation a t  the s i t e  reduced the  
p r i o r i t y  of the de l i very  o f  these documents. Part o f  the ra t i ona le  for  
postponing t h e i r  de l i very  was tha t  they could be updated t o  inc lude f i e l d  rxper-  
ience, i.e., equipment improvernt:nts i n  the manual and specif icat ions, and p lan t  
operation experiimce i n  the f i n d l  report.) 

The t e s t  preparations and t e s t i n g  were grea t ly  aided by inc lud ing  a t  the 
t e s t  s i t e  lodging and shop f a c i l i t i e s  fo r  t he  JPL and HPC operating personnel. 
JPL made use o f  a motor home t o  serve as a p ro jec t  f i e l d  o f f i c e ,  a meeting place, 
a v i s i t o r s  center, and lodging f o r  t he  JPL p r inc ipa l  inves t iga tor - techn ica l  
manager o f  t h i s  Pro ject .  
needs o f  the  HPC chief  engineer and s t a f f ,  and provided a very well-equipped shop 
t r a i l s .  These f a c i l i t i e s  saved many round t r i p s  (an hour or more) t o  M i l f o rd  o r  
beyond, and qrea t ly  aided the personnel e f f i c i ency  of the f i e l d  operations. 

HPC i n s t a l l e d  a mobile home t o  serve the corresponding 

3. Testing: 1973 

The tes t i ng  i n  1978 was a f fec ted  by several major factors ,  namely, the 
operating performance and t e s t  schedule o f  the  FTF, feed s t a b i l i t y  t o  the  HSE, 
and ec,uipment fa i lu res .  

a. Process Factors. The t e s t  spec i f i ca t ions  fo r  the FTF required 
operating the separator a t  385 psig, and a t  a spec i f ied  flow, fo r  6 months, t o  
draw down the reservo i r  f o r  i t s  evaluation. The FTF included disposal 
Well 82-33, located 1-1/4 miles from production Well 54-3, and a t  a 300-foot 
lower elevation. 
t es t i ng  o f  the HSE, disposal Well 82-33 d i d  not accept the f low spec i f ied  f o r  the 
FTF. This produced one favorable and one unfavorable consequence f o r  t e s t i n g  the 
HSE. 
f i c a t i o n  f o r  the speci f ied schedule, and therefore P h i l l i p s  extended the FTF t e s t  
schedule through May. 
1978 possible. The unfavorable consequence was that  the lower f low i n  the FTF 
made i t  necessary f o r  P h i l l i p s  t o  modify the steam f low contro l  hardware t o  be 
able t o  provide leve l  cont ro l  i n  the separator. The s t e m  f low contro l  hardware 
had been designed fo r  the speci f ied flow. 
contro l  o f  the FTF when i t  was operating alone, but i t  was no longer i nsens i t i ve  
t o  disturbances such as those caused by t e s t i n g  the  HSE, as i t  had been before. 
(See Section IV.A.Z.c., Pressure S t a b i l i t y  o f  the Test F l u i d  Supply.) 

During the period o f  i n s t a l l a t i o n ,  t e s t  preparation, and ear ly  

The favorable cocsequence was tha t  the resevoir draw down was below speci- 

This schedule extension made the tes t i qg  of  t he  HSE i n  

The mod i f i ca t ion  provided s tab le  
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This loss o f  leve l  cont ro l  s t a b i l i t y  was not recognized dur ing the e a r l y  
t e s t i n g  o f  t he  HSE, poss ib ly  because the a t ten t i on  of  the small t e s t  crew was 
usua l ly  d i rec ted  elsewhere, and loss o f  l i q u i d  leve l  i n  the separator o f ten  
resulted. The consequence was two-phase f l o w  i n  the l i q u i d  lSne t o  t h e  HSE, 
unstable f low measurement, unstable f low contro l ,  and unstable HSE operation. 
This occurred dur ing the time when adjustmeqts t o  the governor system were being 
made, and when the operation o f  the governor and automatic PCVf valve were 
i n t e r f e r i n g  w i t h  one another. 

Several co r rec t i ve  measures were taken as t e s t i n q  proceeded dur ing the f i r s t  
few weeks. F i r s t ,  the PCVf  valve Mas put 011 manual cont ro l  and l a t e r  converted 
t o  the HCVf valve. 
cont ro l  system. Third, more a t ten t i on  was given t o  the l i q u i d  leve l  s igh t  glass 
on the separator once the problem was recognized. Fourth, an oversized feed pipe 
t o  the power p lan t  was replaced w i th  a p a r a l l e l  set o f  smaller s ize pipes i n  a 
manifold arrangement. F i f t h ,  the separator was instrumented so tha t  pressure 
ps and leve l  Ls could be monitored by the data system from the Data Van. 
Each o f  these cor rec t ive  measures was important, but  the conversion of  the P C V f  
valve t o  the H C V f  valve and the instrumenting of the separator were the most 
important corrections. 

Second, continued improvements were made i n  the governor 

The instrumenting o f  the separator made i t  possible t o  monitor the f l u i d  
leve l  i n  the separator c lose ly  and t o  make t ime ly  correct ions i n  the process 
operations. By t h i s  time two changes had been made i n  the FTF by P h i l l i p s .  
F i r s t ,  the disposal Well 82-33 was perforated a t  a horizon where l o s t  c i r c u l a t i o n  
was logged dur ing the d r i l l i n g .  This solved the problem o f  disposal flow, and 
led t o  the second change. Second, i n s t a l l a t i o n  o f  a hand contro l  valve a t  the  
disposal wel l  was made t o  r e s t r i c t  the flow. This f low r e s t r i c t i o n  was necessary 
so tha t  a sa t i s fac to ry  pressure and l i q u i d  leve l  could be maintained i n  the  
szparator. The importance o f  the hand cont ro l  valve a t  Well 82-33 f o r  the con- 
t r o l  o f  the leve l  i n  the separator led t o  permission being granted f o r  JPL t o  
manipulate the hand contro l  valve as needed dur ing the tes t i ng  of the HSE. 

It i s  important t o  note tha t  although the per fo ra t ing  of  the disposal we l l  
increased the possible f low ra te  i n  the FTF, it d id  not r e s u l t  i n  meeting both 
f low and pressure spec i f i ca t ions  simultaneously. This may have been due t o  
r e s t r i c t i o n s  i n  the production well  because o f  scale deposits. P h i l l i p s  cont in-  
ued t o  operate the FTF according t o  the needs o f  the reservo i r  evaluation, and a t  
the  same time provided every possible accommodation of the 1978 t e s t  needs of 
t h i s  Pro ject .  The 1978 HSE t e s t  data are the r e s u l t  o f  an outstanding coopera- 
t i v e  e f f o r t .  

The need t o  coordinate the various t e s t  operations, espec ia l l y  the numerous 
manual operations ( f i v e  hand-control valves, load changes, pump s t a r t  and stop, 
etc.), made good communication very important. 
por tab le FM transceivers (wa lk ie - ta lk ies)  borrowed f rom JPL, and c i t i z e n  band 
rad ios (CSs) i n  contractor  vehicles. The FM radios served a t  the power p lant ,  i n  
the  Data Van and around the the HSE t e s t  process i n s t a l l a t i o n .  Headsets were 

This was f a c i l i t a t e d  by four 
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used i n  noisy areas. Communication w i th  FM rad ios t o  and from the disposal wel l  
was not possible because the disposal wel l  was shielded by a k n o l l  near the t e s t  
area. Because o f  t h i s  problem, CBs were used f o r  communicating w i th  the disposal 
wel l .  
t i o n  was i n s t a l l e d  acted as an in format ion re lay using one FM and one CB radio. 
The system was clumsy, bu t  it worked. 

Thus, an operator stat ioned a t  the separator before the Ls instrumenta- 

A f t e r  the separator was instrumented, i t  became possible t o  monitor pressure 
changes i n  the separator resu l t i ng  from level  changes. As the FTF process con- 
t r o l  diagram shows (see Figure 4-2), a r i s e  i n  leve l  made the PCV close, cc .s inq 
a r i s e  i n  separator pressure and forc ing more l i q u i d  t o  f low t o  Well 82-33. 
Since a constant leve l  i n  the separator was d i f f i c u l t  t o  maintain during the 
t e s t i n g  o f  t h e  HSE, the pressure i n  the separator varied. Thus, i t  was d i f f i c u l t  
t o  maintain constant pressure i n  the supply t o  the HSE. These factors, and the 
a v a i l a b i l i t y  o f  a l l  necessary equipment, argued i n  favor o f  changing the method 
o f  c o n t r o l l i n g  l i q u i d  leve l  and pressure i n  the separator (see Figures 4-3 and 
5-8). With ample reservo i r  data i n  hand, P h i l l i p s  acquiesced on May 17, provided 
the  Well 54-3 shut - in  period requi *ed t o  make the process change would be short. 
The change was made expedi t iously,  requ i r i ng  the wel l  be shut- in f o r  only a few 
hours. Detai l ;  o f  the change are discussed i n  Section V.A.3.f. 

b. Equipment Fai lures. Two s i g n i f i c a n t  f a i l u r e s  occurred w i th  t h e  HSE, 
both of  which were a repeat of f a i l u res  which occurred dur ing the acceptance 
tes t ing .  The f i r s t  was a a-*iernor f a i l u r e  which occurred dur ing the f i r s t  few 
minutes of f i e l d  operation. Again, i t  resul ted from inadequate compliance i n  the 
sp l ine  coupling t o  the expander r o t o r  sha f t  which dr ives the governor. The 
f a i l u r e  was a t t r i b u t e d  t o  dimensional changes i n  the b e l l  housing, on which the 
governor was mounted, caused by heating from the hot geothermal f l u i d s .  This was 
i n  contrast t o  the cool ing which occurred dur ing the acceptance t e s t i n g  w i t h  a i r .  
A repai r  o f  the governor, carefu l  alignment dur ing i n s t a l l a t i o n ,  and the use of a 
sp l ine  assembly w i th  greater compliance solved the problem. 

The second and the most s i g n i f i c a n t  equipment f a i l u r e  was ac tua l l y  another 
p a i r  o f  f a i l u res  o f  the shaf t  seal assemblies. Both seemed t o  occur gradually 
w i th  some evidence t o  ind ica te  an i n i t i a l  accumulation o f  d i r t  (sca le )  i n  the  
seals. O i  1 leakage increased progressively from normal t o  excessive amounts. 
The f i r s t  f a i l u r e  i n  the f i e l d  led t o  a condi t ion o f  excessive o i l  loss, and 
caused cessation o f  t e s t i n g  on A p r i l  24. Attempts t o  re-seat the seals fai led. 
The o i l  loss had reached about one bar re l  per hour, and a repa i r  o f  the seals on 
the  low pressure end c f  the male r o t o r  was necessary. While t r y i n q  t o  re-seat 
the seals, i t  was discovered tha t  the pressure gauge, which had been used t o  set  
and monitor L ~ ,  o i l  pressure t o  the low-pressure end seals, was ser ious ly  i n  
e r ro r .  I t  indicaLed 25 ps ig a t  an actual pressure o f  7 psig. As a resu l t ,  t he  
seals were protected less from the br ine  than was planned. 

Examination o f  the seal assembly showed scar r ing  on the sleeve and a s p l i t  
i n  the sleeve from end t o  end. The assembly was replaced, and t e s t i n g  was 
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resumed on May 1. O i l  leakage again becane a problem, and on May 12 an a i r  
compressor was i n s t a l l e d  t o  in ject ,  a i r  i n t o  the seal assemblies as a b u f f e r  so 
t h a t  t e s t i n g  could resume. 

On May 30 a t  12:13 a.m., on the n in th  day of continuous operation, the seal 
assembly on the male ro to r  a t  the low pressure end began t o  seize, and a t  
12:20 a.m. f i n a l l y  f a i l e d  catastrophical ly.  Some assembly par ts  were f r i c t i o n -  
welded together, and the t e s t i n g  came t o  a ha l t .  The f r i c t i o n  heating melted the 
babbit i n  the adjacent bearing pads and warped the shaft. This f a i l u r e  occurred 
dur ing an endurance run which began May 22 a t  1O:OO a.m. A t  the t i m e  of  the 
f a i l u r e ,  there was some warning i n  the form o f  slowing o f  the HSE as shown on the 
p r in ted  log. This slowing was misinterpreted as being caused by a gradual 
decrease i n  feed l i q u i d  a v a i l a b i l i t y ,  which had required a process adjustment a 
short whi le  e a r l i e r .  A t  t ha t  l a t e  date, no more t e s t :  .g could have been done if 
the HSE had been stopped f o r  repa i r  i n  response t o  the slowing, because the FTF 
was scheduled f o r  shu t t ing- in  the next day. However, some o f  the damage could 
have been avoided i f  the warning had been proper ly  recognized and the power p lan t  
stopped. The temperature o f  the adjacent bearing may have signaled i n c i p i e n t  
f a i l u re ,  but  i t  was displayed only on operator demand. Only the temperature of 
the bearing a t  the high pressure end of the male r o t o r  was displayed rou t ine ly .  
One o f  the reasons f o r  adding a second 17-inch p r i n t e r  f o r  the 1979 t e s t i n g  was 
t o  provide room f o r  the rout ine d isp lay o f  a l l  o f  the bearing temperatures by t h e  
operating program. I n  addi t ion,  the 1979 program caused the computer t o  signal 
if any bearing temperature exceeded a selected value. 

A few minor random equipment f a i l u r e s  occurred dur ing the weeks o f  test ing,  
such as a loose wire, a leaking f i t t i n g ,  a valve shaf t  pin, etc., but  these were 
of l i t t l e  consequence. The hydraul ic  system associated w i th  the automatic safety  
shutdown o f  the power p lan t  exh ib i ted  a series o f  malfunctions usual ly  a t t r i b u t -  
ab le t o  d i r t  i n t e r f e r i n g  w i t h  the operation o f  two pi lot-operated solenoid 
valves. This malfunction i n te r fe red  w i th  p lan t  start-up, and delayed the t e s t i n g  
on several occasions. 

The data system was nearly t roub le - f ree  throughout the t e s t  period. Erron- 
e w s  :#slues o f  to were recorded May 1 and May 29, but the problem was se l f -  
c.wrecting. The problem may have been caused by i n c i p i e n t  f a i l u r e  of a re lay i n  
i :clay card used f o r  scdnning i n  the multiprogramner. This card was.later 
rcglaced. 
croblerns were solved by cle,..,ing the vortex meters and improving the e l e c t r i c a l  
groilnds. 

On May 4 and 5, erroneous values were recorded f o r  Gr and q,,. The 

The most exasperating equipment problems were w i th  the load h n k  which d i d  
not work, o r  stopped working, on 7 t es t  days dur ing  March, Ap r i l  and May. This 
behavior e i t h e r  prevented t e s t i n g  o r  stopped i t .  The problems were caused by 
some o f  the s i x  thermal p ro tec t ion  devices beinq set too low, by a loose wi re t o  
a relay, and by wind gusts, a l l  t r i p p i n g  the p ro tec t i ve  shutdown system f o r  the 
load bank. 
system as an a id  t o  diagnosing the troubles, but  the e r r a t i c  behavior o f  the 

The shutdown system was connected t o  the fau l t  monitor i n  the data 
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loose wire produced misleading information. The thermal p ro tec t ion  devices were 
eas i l v  reset t o  solve tha t  problem and the loose wire, when eventual ly found, was 
t ightened w i t h  excel lent  resul ts .  The wind gust problem was mysterious u n t i l  
diagnosed, and was solved by over r id ing  the a i r f l o w  safety devices. 
ove r r i d ing  the safety  devices, the p r o b a b i l i t y  o f  a fan f a i l u r e  and the need t o  
complete the t e s t i n g  were considered. ( I n  Mexico, shunting switches were 
i n s t a l l e d  on the safety  devices so tha t  the overr ide condi t ion could be set 
eas i l y  accordinq t o  wind condit ions.) 

I n  

c. Chronology and Test Conditions. The chronology and condit ions o f  
the t e s t i n g  are included i m p l i c i t l y  i n  the f l u i d s  usaqe repor t  (see Table 4-2) 
and uszge p l o t s  (see Appendix E). - This chronology is-more. comprehensive than' the 
tab les of t e s t  data discussed i n  Sectfon VII.A.3., although the l a t t e r  give the 
t e s t  condi t ions i n  chronological order f o r  every row o f  1978 data logged on tcoe. 
The t e s t  a c t i v i t i e s  can be conveniently grouped by date f o r  a discussion o f  the 
t e s t  h igh l igh ts .  Not a l l  t e s t  dates are l i s ted .  

d. High1 ights .  

3/16 

3/20 

3/21 

3/22 

3/25 

3/26 

I n i t i a l  t es t ,  smooth easy s t a r t ,  governor damaged a t  1900 rpm. 

Governor repa i r  completed; resume shake-down t e s t i n g  o f  HSE power 
p lan t  and t e s t  f a c i l i t y ;  check d i r e c t i o n  o i l  cool ing fan and pumps; 
rewire fan motor; bleed a i r  from hydraul ic  system; adjust governor. 

Operate waste pump; work t o  s t a b i l i z e  P1; loss of in-p lant  voltage 
and fan operation; recover voltage. 

Demonstration f o r  Phi 11 i p s '  magazine photographers; co ld  oi  1 
requ i res sl ow s t a r t .  

Continue t o  t r y  t o  reach steady-state operation, a l l  l i q u i d  feed; 
waste water recycle; reset temperature gauges t o  match RTDs; v e r i f y  
bubbles i n  l i q u i d  feei  as cause o f  i n s t a b i l i t y ;  work on c o n t r o l l i n g  
leve l  i n  separator and waste tanks. 

Demonstrate l i n e  s t a r t  f o r  pump without load shedding; repa i r  
tachometer generator; t roub le  w i t h  load bank. 

3/28 - Continue t o  t r y  t o  s t a b i l i z e  a l l  t e s t  systems, i n s t a l l  2-in. 
415 diameter feed p ipe ( too smal l ) ;  t roub le  w i th  load bank; leaking pump 

seal; i n i t i a t e  17-in. wide p r i n t e r  log. 
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4/6 Test w i th  6-in./8-in. diameter combination feed spool, t r y  more 
load; begin t o  record data on tape. 

4/10 I n s t a l l  manifold feed system: one 3-in.; two 2-in.; one l - i n .  
diameter; t ry  t o  s t a b i l i z e  P1. 

4/12 I n s t a l l  Lw, Ls, Ps gauges; ad just  manifold r e l i e f  valve. 

4/18 Replace 3-in. pipe w i t h  4-in.; attempt steady hands-off operation; 
short o f  feed l i q u i d ;  o i l  showing i n  sigr t glass on waste tank. 

4/19 dim f o r  continuous operation; baskat screens clogged i n  supply l i n e s  
t o  pumps; t roub le  w i th  load bank; clean baskets and load bank 
relays; broke and repaired yoke p in  i n  AS la lve ;  made f i r s t  t e s t  
w i th  steam from separator. 

4/20 Work toward continuous operation; increase load. 

4/21 Demonstration for DOE TV crew; load bank dropped 500 kW, p lan t  
continued t o  run; basket screen? plugged. 

4/23 I n s t a l l  so l ids  t rap  i n  waste l i n e  t o  pumps, t r y  t o  re-seal leak ing 
shaft seals; conclude seal repa i r  necessary. 

Devise fo l low ing  t e s t  procedure: 

(1 )  Close valve a t  Well 52-33; "two c l icks. "  

(2 )  Monitor r i s e  i n  Ls - when Ls reaches 110, s t a r t  the plant. 

( 3 )  Monitor f a l l  i n  Ls - when Ls  = 70 t o  80, s t a r t  f i r s t  pump. 

(4) Adjust Mw t o  b r i ng  Ls t o  desired value. 

This procedure permitted re-establ i sh ing  the proper 1 i qu id  l eve l  
i n  the FTF separator i n  about 8 minutes. 
status board i s  shown i n  Figure 6-1. This status board was 
l a t e r  replaced by a la rger  one made of plywood and attached t o  
the f3ce o f  the Data Van door. 

A useful process 
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4/ 25 

513 & 
514 

515 

516 

51 7 

518 

5/  12 

5/  13 

5/14 

5 /  16 

5/17 & 
5/18 

5/19 

5/20 

Begin replacement o f  shaft seal assembly on low pressure end o f  male 
rotor .  

Test w i th  low enthii1,)y feed: simul.tte East Mesa. 

Load bank wouldn't a x e p t  load. 

S i t e  shut down by snow. 

Replace feed pipe from waste tanks t o  puqps (see Figure 5-8); 
i n s t a l l  basket backwash; correct  loose H i re  on load bank re lay.  

Decaonstration f o r  P h i l l i p s '  magazine ed i to r ;  increase Ql. 

Demonstration f o r  IJnited States Department o f  t h o  Navy v i s i t o r s ,  
t n s t  a t  various Ql; Ps low; i n s t a l l  buffer a i r  conpressor f o r  shaft 
seals. 

Various P1 arld Q1; t r y  increased kW. 

Incre'se Ps, t r y  increased kW, various Q1 and P1. 

Review data, t r y  speci f i c speed versus speci f i c diameter cor re l  a-  
t ions ;  conclude higher speed not desirdble; consider remaining 
options i t h i n  i n  l i m i t s  o f  decreasing f l u i d  supply: (1) i n s t a l l  
back-pressure p la te,  (2 )  inves t iga te  more low enthalpy feed 
condit ions, ( 3 )  inves t iga te  high 01, (4) propose change i n  leve l  
cont ro l  o f  FTF separator; propssal accepted. 

Design and fabr ica te  adjustadle back-pressure p la te,  rev ise leve l  
cont ro l  Cor FTF separator. 

Back-pressure tests ;  p l a t e  hole too small ; modify back-pressure 
p la te ;  overr ide load bank safety switches ( restored i n  1380). 

Comp 1 e t  e ba c k -press u re  tes ts  . 
5/21  Test d t  h igh Q1: simulate Hawaii, 
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5/22 Begin endurance test ing.  

5/22 - Maintained steady t e s t  condi t ions a? iTdximum sustainable load. 
5/ 30 

5/30 Endurance t e s t i n q  terminated by seal assembly fa i l u re .  

4. S t a f f i n g  

The s t a f f i n g  varied according t o  the operations, and was a t  a maximum 
dur ing the i n s t a l l a t i o n  o f  the process piping. 
o f  contract  personnel were a t  work on the s i te .  During i n s t a l l a t i o n  and t e s t  
start-up the JPL s t a f f  v a r i d  from a normal minimum of one to  four or  f ive,  and 
one or  occasional ly two dur ing the test ing.  The HPC s t a f f  varied from one t o  
three throughout most o f  the i n s t a l l a t i o n  and test ing.  Most of the t e s t i n g  was 
conducted on a long day-sh i f t  basis, wi th  a t y p i c a l  t e s t  crew of f i v e  or six, 
namely the p r i n c i p a l  i nves t i ga to r  f r o n  JPL, the ch ief  engineer and one mechanic 
from HPC, and two or three contractor operating personnel. 
was fol lowed because the t e s t i n g  had becom nei ther  standardized nor assured. 
proved best t o  keep the operation f l ex ib le ,  and t o  c o m i t  the fewest number of 
people. During the endurance ar continuous t e s t i n y  the s t a f f i n g  was the same, 
except tha t  the t e s t  crew was s p l i t  t o  permit round-the-clock operation on a two 
12-hour s h i f t  basis, although the p r i n c i p a l  i nves t i ga to r  and the chief engineer 
worked the customary 12 t o  16 hours t o  t ry  t o  meet the t e s t  needs. Round-the- 
clock operation w i th  no increase i n  s t a f f i n g  was feas ib le  because the gathering 
o f  dato f o r  performance mapping had been conipleted w i t h i n  the l i m i t s  of s i t e  
condit ions. The endurance t e s t i n g  was a steady s tate t o  the extent t l -at f l u i d  
a v a i l a b i l i t y  permitted. 

A t  t ha t  t i m e  the greatest number 

This general approach 
It 

C. REPAIRS,  MODIF!CATIONS AND OVERHAUL TEST PilEPARATIONS 

1. HSE Power Plant 

The repai rs  and modif icat ions of tbe power plant were performed by HPC 
i n  consul tat ion w i t h  JPL. Included were repai r  of  t he  HSF damage, re-design and 
replacement o f  the shaft  seal assemblies, modi f icat ion of  the t h r o t t l e  t r i m ,  
modi f icat ion o f  the governor hydraul ic system, dnd modi f icat ion of the a l terna-  
t o r .  The power p lant  remained i r i  place i n  Utah f o r  t h i s  work, although the HSE 
was removed from i t s  base. 

The low-pressure end shaft  o f  the male r o t o r  was warped by the seal assembly 
f a i l u r e  and the bearing surface was s l i g h t l y  scarred by the removal of the 
damaged assembly. 
(Westinghouse! i t 1  S a l t  Lake C i t y  under i ns t ruc t i ons  from HPC. The damaged shaft 
was undercut on a neb center, and then flame-sprayed and ground t o  restore the 

Repair of  the shaft  was done by Westinghouse Corp. 
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shaft and bearing surfaces. The r o t o r  was then s t r t i ca l l y  and dynamically 
balanced. The dmaged journal  bearing shoes were wlaced, and the t h r u s t  
bearing shoes were re-surfaced. 

The i n l e t  hardware was modif ied t o  provide i n l e t  trim designed f o r  d i f fe ren t  
ranges o f  i n l e t  pressure. The purpose was t o  penni t  d s ing le  t h r o t t l e  and 
governor system t o  provide stable operation for  any resource pressure. The 
corresponding modi f icat ion o f  t h e  ASE housing end p l a t e  was done a t  
kestinghouse t o  P"C speci f icat ions.  

The hydraul ic  amp l i f i e r  f o r  the governor was replaced w i th  one custom- 
designed t o  provide fas te r  t h r o t t l e  response, w i t h  no dead band. 
o i l  supply t o  tne governor system was increased by adding a n e w  pump. 

The hydraul ic  

The repa i r  o f  the shaft seals began u i t h  the removal o f  the damagej seal 
assembly i n  June 1975, soon a f t e r  the t e r m i w t i c n  o f  the test inq,  and ended with 
the f i n a l  i n s t a l l a t i o n  of the new assemblies on Ju l y  16, 1979. This repa i r  was 
the pacing i tem i n  the overhaul. The -pair  procedure en ta i led  the f a i l u r e  
analysis, the o u t l i n i n g  of a new decign concept, reviews of the f a i l u r e  analys is  
and new design concept w i th  seal manufacturers, the se lect ion o f  a manufacturer, 
the completion o f  the dssigil de ta i l s ,  the manufacture of the seals and the 
assemblies, the t e s t i n g  o f  a seal assembly i n  the manvfactl:rer's laboratory, the 
redesign and fabr ica t ion  o f  one seal r ing, the re- test ing,  i f l i ~ s r y  and i n s t a l l a -  
t i o n  o f  the assemblies, breakage o f  some seal segments duping i n s t a l l a t i o n ,  
manufacture o f  rep.aceinent segments, and f i n a l  i n s t a l  la t ion .  The estimated 
completion date f o r  the seal assemblies s l ipped from March 30 t o  A p r i l  27 t o  
May 4 t o  May 29 t o  June 6 t o  J u l y  6. This had a serious impact on t h e  Pro jec t  
schedule and budget. 

The seal de l i very  schedule rdould have been much more serious i f  i t  were not 
f o r  two factors.  F i r s t ,  overhaul of  the power p lan t  and other work a t  the t e s t  
s i t e  were s i g n i f i c a n t l y  delayed by heavy snows which made the s i t e  inaccessible 
dur ing an extended per iod i n  February. It was impossible t o  d e l i v e r  t h e  HSE 
components t o  Westinghouse i n  S a l t  Lake City f o r  repa i r  and modif icat ion.  
Second, the FTF schedule s l ipped successively from December 1978, o r  January 
1979, t o  June 4. The schedule s l i p  was caused by the need fo r  P h i l l i p s  t o  con- 
t inue monitor ing Lhe pressure recovery i n  the reservoir ,  and by de?ays r e s u l t i n g  
from the i naccess ib i l i t y  o f  the s i te .  Start-up was a c t u a l l y  attempted J m e  8, 
but the wellhead valve f a i l e d ,  causing a "blowout." The Well resumed operat ion 
August 22, but was shut- in again t o  replace the steam muf f le r  tha t  fa i led .  It 
was restar ted August 27, and f l u i d  became ava i lab le  for t e s t i n g  t h e  HSE on 
September 3. Thus, the FTF and t h i s  Pro ject  experienced p a r a l l e l  schedule s l i p s  
which kept the two a c t i v i t i e s  synchronized, a t  least  through August. 

During August, instrumentation wires from the expander which were discon- 
nected dur ing the overhaul were reconnected. Pre-operating adjustments o f  the  
speed control  hydraul ics and of the seal flush-water system were made. Further 
adjustments required operating the expander. 
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The a1 te rna to r  inodi f icat ion en ta i l ed  the replacement of the standard cool ing 
fan w i t h  a qu ie te r  model. and i n s t a l l i n g  a cowling l i n e d  w i th  sound-absorbent 
mater ia l  t o  reduce the noise. The noise reduction was accomplished i n  par t  by 
greater clearance bittween the fan and the cowling around i t s  periphery. The 
qu ie t  fan mves  8% l,?ss a i r  and draws 37% l ess  power than the o r i g i n a l  fan. 
expected noise at tenuat ion was 12 t o  15 db. 

The 

2. Process P ip ing  

The process p ip ing  m d i f i c a t i o n s  f o r  the 1979 t e s t i n g  were discussed i n  
Section 1.A.f. The most important mod i f i ca t i f f l  wss the i n s t a l l a t i o n  of  the steam 
condenser i n  one of the waste hold ing tanks, followed by a condensate-to-air heat 
exchanger, t o  supply condensate a t  160OF or less t o  a f lush-watw hold ing tank a t  
4 gpo. The systein produced about 900 gpd, bu t  the q u a l i t y  was poor. 
sure reduction and loss of  CO2 and HzS, the water turned f ron c lear  t o  black, 
presumably from an iron compound which p rec ip i t a ted  but  was slow t o  se t t le .  
Aeration turned the compound rus t  co lo r  and aided the s e t t l i n g  s l i g h t l y .  
treatment p lan t  was designed and b u i l t  by HPC fo r  t r e a t i n g  appraximately 10,009 
gpd of the condensate. The t reatnent  consisted of  aerating the water, f loccu-  
l a t i n g  i t  w i t h  bentonite, pumping i t  t o  a 20,000-gallon hold ing tank where the  
suspended so l i ds  set t led,  and then f i l t e r i n g  i t  f o r  de l i very  t o  the shaf t  seal 
f lush-water system, as discussed ea r l i e r .  F i l t r a t i o n  was through 25 and 5-micron 
f i l t e r s .  The treatment was based p a r t l y  on the HPC observation tha t  the dark 
uate- cleared whi le  t r i c k l i n g  down the s o i l  slope i n t o  the p i t .  The condtsctivi- 
t i e s  of samples o f  t reated and untreated water are included i n  Appendix M. 

Upon pres- 

A %te r  

A simple trough heat exchanger was i n s t a l l e d  .m the water supply pipe from 
the  FTF t o  reduce the temperature o f  the water t o  Selow bo i l i ng ,  dur ing i t s  f low 
through the o r i f i c e  meter and Hater pipe t o  the power p lant .  The purpose was t o  
e l im ina te  the need t o  use recycled waste water t o  provide t n i s  temperature reduc- 
t i o n  i n  order t o  e l im ina te  a possible in ter ference w i th  scale formation i n  the 
HSE. The heat exchanger used surplus untreated condensate made f o r  the shaf t  
seals t o  provide a heat sink of b o i l i n g  water. 

The manifolded set o f  small feed pipes t o  the power p lant ,  constructzd dur- 
ing  the 1978 tes t ing ,  was replaced w i th  new interchangeable 4-irIch and 6-inch 
diameter feed spools w i th  rnixer sections containing 6-element passive mixers. A 
s im i l a r  mixer was i n s t a l l e d  t o  m i x  the recycled exhaust Hater upstream f ran  the 
to measurement. 
lever-operated eccentr ic  d isc valve replaced the globe valve formerly used i n  the 
waste water l ine .  A few addi t ional  minor changes, requested by P h i l l i p s ,  were 

The process contro l  valves were re ins ta l led ,  except tha t  a 

mdde i n  the process p ip ing  fo l l ow  
the well  "blowout." 

A very s i g n i f i c a n t  modif icat  
t o  contro l  the water leve l  i n  the 
i n s t a l l e d  i n  the waste disposal p 

ng a general s i t e  review made by P h i l l i o s  a f t e r  

on was made t o  the FTF by P h i l l i p s .  I n  order 
separator, an eccentr ic  d isc valve was 
pe l i ne  as it passed the low po in t  i n  the wash 
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on toe way t o  Ue l l  82-33. The valve pos i t ioner  and the l eve l  c o n t r o l l e r  
c o m n i c a t e d  by e l e c t r i c a l  signal. The valve was placed i n  the gu l l ey  t o  provide 
su f f i c i en t  head ,MI both sides to  prevent f lash ing  and water hamner. By contrast, 
JPL’s temporary i n s t a l l a t i o n  o f  the leve l  cont ro l  valve i n  the water l i n e  near 
the separator caused a water harmer a few times, and thus required care fu l  
d t ten t i on  to  the water leve l  i n  the disposal p ipe l ine.  The o r i g i n a l  l eve l  
con t ro l  i n  the FTF placed the contro l  valve i n  the steam l i n e  t o  avoid scale 
problems i n  the confro l  valve, but the eccentr ic  d isc valve design and the 
proper t ies  demonstrdted i n  the waste water made the contro l  mod i f i ca t ion  
feasible. The resu l t s  were very sa t is fac to ry .  

3. Data Systeia 

The computer operating program was upgraded f o r  the 1979 tes t ing ,  and 
two new 17-inch p r i n t e r s  were added t o  the data system. This  a d d i t i m  required 
the inoving o f  the e lec t ron ics  rack t o  make room f o r  d new tdb le  f o r  the computer 
and p r in te rs .  Uhen the data systen was react ivated t o  search f o r  a t rans i to ry  
malfunction which was observed l a t e  i n  the 1978 tes t ing ,  the problen, had become 
severe. 4 bad power supply was discovered i n  the tenperatgre s igna l -cond i t ion ing  
eqliipment which was swailiping the system. The power supply was replaced, the 
50-ohm signal-condi t ioning res i s to rs  were replaced w i th  a higher q u a l i t y  type of 
res i s to r ,  and the po and p3 transducers were ins ta l led .  
the new computer program and a factory  repa i r  of the computer were made and the  
transducers were ca l ib ra ted  i n  preparation f o r  the test ing.  

F i e l d  correct ions i n  

0. FIELD TEST OPERATI3NT. 1’379 

Many t e s t  preparations were done conc4i r rent ly  wi:h the p lan t  OVCrhdlil and 
modif icat ions discussed i n  Sectiorl V1.C. The f i r s t  ta t  attempt, made on 
Septemoer 3 when f l u i d s  from the FTF became avai lab le,  showed tha t  more prepara- 
t i ons  were necessary because problems Kere revealed i n  t h e  :iSE power p lan t  and i n  
the data systen. Numerous add i t iona l  diagnostic t es ts  were necessary dur ing the 
per iod of September 3 through October 12. 
p a r t  o f  the planned 1 month o f  tests. 

These tes ts  were not considered as 

1. Continuing Prepdration 

The f l u i d s  usage data, (see Table 4-3) show tha t  during the continuing 
preparations, u n t i l  October 12, the power p lan t  operated 9 days i n  September fo r  
a t o t a l  o f  25.3 hours, and produced 4740 kWh o f  e l e c t r i c a l  energy. Diagnostic 
t es ts  ranged i n  length f r o m  15 seconds t o  approximately 6 hours. 

a. HSE Power Plant. The September 3 t e s t  lasted about 15 seconds. It 
was terminated apparently by an unsat isfactory pressure d i f f e r e n t i a l  across the 
seal assembly a t  the low pressure end o f  the female rotor .  A ser ies of  
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i nves t iga t ions  through September 4 revealed tha t  a mud dauber insect  
an o i l  supply l i n e  t o  the low pressure end o f  t h e  HSE whi le  the o i l  
disconnected dur ing the overhaul. The blockage was removed, and the 
pressure f a u l t  sensors were rewired t o  cor rec t  another s ta r t -up  prob 

had plugged 
ine  was 
d i f f e r e n t  i a1 
em. 

Diagnostic runs on subsequent days revealed problems w i th  the new hydraul ic  
amp1 i f i e r  f o r  the govercor. HPC then undertook an amp l i f i e r  development program 
us ing new spools modif ied a t  the s i t e ,  s t i f f e r  center ing sorings, and m d i f i c a -  
t i ons  of i n te rna l  o i l  routing. This development, p lus rev is ion  i n  the feedback 
l inkage t o  the governor, resul ted i n  acceptable governor contro l  by 
Septemoer 21. 

b. Process P i  i n  . Attempts t o  operate the disposal pumps on 
September 8 led  + t o  t e discovery tha t  the check valves i n  the pump discharge 
1 ines had been i n s t a l l e d  backward. Correct ion was simple. 

c. Data System. Problems w i t h  the data system were numerous and 
delayed the t e s t i n g  u n t i l  Ocotober 12 when the preparation; were completed. Two 
factors may have extended the repa i r  period. F i r s t ,  the wel l  "blodout" gave the  
area a s a l t  bath which caused some short c i r c u i t s  and may have caused some ground 
loops. The system malfunction was subt le  and discontinuous, o f ten  reappearing 
only  a f t e r  the repa i r  team l e f t  the s i t e .  Second, the JPL e lec t ron i cs  engiqeer 
who designed, assembled and tested the data system, and who was thus most 
f a m i l i a r  w i th  the hardware, l e f t  the Pro ject .  He returned t o  spacecraft p ro jec ts  
dur ing the h ia tus i n  Pro ject  funding which fol lowed the 1978 tes t ing .  

2. Testing 

a. Chronology and Test Conditions. The chronology and condit ions of 
the t e s t i n g  are included i m p l i c i t l y  i n  the f l u i d s  usage repor t  (see Table 4-3) 
and i n  tab les of the t e s t  data presented i n  Section VII.A.3. The tab les consist 
3f a l l  of the steady-state tes ts  logged on tape i n  1979. The t e s t  a c t i v i t i e s  can 
be conveniently yrouped by date f o r  a discussion o f  the t e s t  h igh l igh ts .  

b. High l ights .  

9 /3  - Diagnostic runs t o  complete t e s t  preparations. 
9/28 

10/12 F ina l  diagnostic run; t e s t i n g  commenced w i th  high pressure i n l e t  
t r i m  and 4-inch feed spool; check e n t i r e  system perfomance; c a l i -  
b ra t i on  completed a f t e r  data F i l e  No. 168; bleed l i n e s  closed; 
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10/13 - 
10/15 

10/16 

10/17 

10/18 

10/20 

l o p 1  

10/22 

10/23 

1 O/ 24 

cor rec t  pz equation a t  16:19:06; varv i n l e t  pressure, t h r o t t l e  
pos i t i on  and load through a t ta inab le  ranges t o  examine operat ing 
behavior o f  a l l  t e s t  equipment; examine ro to rs  for  scale deposits 
-- none; decide t o  t r y  t o  force scale deposits by i n j e c t i n g  CaClZ 
so lu t i on  i n t o  feed: [For t h i s  purpose calcium ch lo r ide  was pur- 
chased dur ing ensuing days from loca l  cement-mix and t i r e  companies; 
comerc ia l  grades from A l l i e d  Chemical (94 t o  9 7 % ) ,  Van Waters and 
Rogers, and Dow Chemical Co. "Dowflake" were used on the basis o f  
a v a i l a b i l i t y . ]  

Obtain CaC12; obta in  and i n s t a l l  hand1 i n g  and i n j e c t i o n  equipment; 
mix i n  empty o i l  drums; use o ld  o i l  qear pump. 

Scale deposit ion t r i a l ;  CaC12 (3 20 ppm, mixed basis; gooseneck 
feed; no v i s i b l e  deposits on ro to rs  a f t e r  shutdown; "cleaner than 
before;" check e f fec t  o f  rpm on e f f i c i ency ;  note increase a t  58.2 
Hertz versus 61.7 Hertz (see Table 7-2, F i l e  Nos. 188 and 189). 

I n j e c t  CaC12 (3 1400 ppm; detect  e f f e c t  on t h r o t t l e  pos i t i on  ear ly ;  
see scale on ro to rs  a f t e r  shutdown. 

Demonstration f o r  P h i l l i p s  and guests; no CaC12 i n j e c t i o n ;  r o t o r  
inspect ion -- dark and white scale patches -- a l l  blotchy. 

I n j e c t  CaC 2 i n t o  Pd po r t  (3 1400 ppm t o  miss t h r o t t l e  gate; no 
e f f i c i ency  improvement i n  5 hours; stop t o  make gooseneck hook-up; 
rough stop t e s t  done w i th  Pump #2 because the s t a r t  f a l t e red  upon 
adding Pum #1 two o r  three times; cause undetected; couldn ' t  resume 
tes t i ng ;  ro to rs  stuck; hai lstorm. 

I n s t a l l e d  plast ic-covered beaver board i n  exhaust f lange and f i l l e d  
HSE w i th  d i l u t e  H C l  w i th  10-ppm sodium arseni te  corrosion i n h i b i t o r  
donated by P h i l l i p s ;  soak; used 3 quarts o f  acid. 

Added c i r c u l a t i o n  pump, more acid and i n h i b i t o r ;  used 4 quar ts  o f  
acid; coaxed w i th  torque bar; ro to rs  became f ree  and turned eas i l y .  

In jec ted  CaC12 a l t e r n a t e l y  i n t o  qooseneck and Pd por t  (3 33@ ppm, 
5 hours; s l i g h t  e f f i c i e n c y  gain observed but very l i t t l e  scale 
observed through inspection ports. 

Change t o  6-inch feed spool; computer tape d r i ve  problem; ship f o r  
repair.  
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10/25 Couldn't s t a r t  Pump #l; i n j e c t  CaC12 i n t o  Pd po r t  a t  higher load 
-- 600 kW, low Q1; monitor e f fec ts ;  s l i g h t  improvement observed. 

10/26 Trouble-shoot Pump #l; towed broken HPC t ruck  t o  M i l f o rd ;  re t r ieved 
HPC van from Cedar C i ty ;  buy CaC12. 

10/27 I n j e c t  CaC12 i n t o  Pd por t  @ 370 ppm, 10% 01, 1/2-MW load; no 
improvement dur ing  4 hours; switch t o  gooseneck feed a t  11:28:17 
a f t e r  por t  plugged; switched back about 11:42 (a 50 ppm for 1-1/2 
hours; no improvement; resumed 370-ppm ra te ;  no scale v i s i b l e  
through inspection por ts  a f te r  t es t .  

10/28 Increase Q1 t o  25%, continue l / Z - M W  load, CaC12 throuqh Pd por ; 
l i t t l e  o r  no benef i t  observed; p lan t  stopped automat ical ly -- 
ev ident ly  from f a i l u r e  o f  pressure accumulator i n  shaf t  seal 
system. 

10/29 Cold, snow, p lan t  t o  operate on steam only; FTF separator out o f  
cont ro l  because of generator f a i l u r e ;  home f o r  Halloween dur ing  
repairs. 

11/03 "Steam only;" check performance versus thX a t  highest load 
a t ta inab le ;  then l i q u i a  only w i th  CaC12 0 50 pprn, low load; cold. 

11/04 Snowing; i n j e c t  CaC12 @ 1400 ppm, l i qu id -on ly  feed and 10% load; 
shut down because o f  leak i n  o i l  supply l i n e  on power p lan t .  

11/06 Scale deposit ion attempt a t  minimum stable load -- load bank and 
Pump #2; a i r  i n  o i l  system -- slow s t a r t ;  sca l ing  resu l t s  
disappoint ing; decis ion t o  abandon scale deposit ion attempts -- 
change t o  low pressure t r i m  and measure performance; much 
p r e c i p i t a t e  downstream but not on rotors ;  f l a t  t i r e .  

11/11 Test w i th  low pressure t r i m ;  t e s t  f o r  performance match w i th  other  
t r i m ,  low enthalpy feed, and high power; p lan t  operation good; 
damaged Teflon support r i n g  f o r  o r i f i c e  p la te .  

11/12 Drain pipe - remove damaged support r i n g  and c l i p s ;  f lush-water 
f i l t e r  cannister and o i l  f i l t e r  element damaged by ice ;  damage t o  
another Teflon o r i f i c e  p la te  ca r r i e r .  

11/13 Try fo r  3/4-MW and 1-MW a t  various Q1, then t ry  for. low Q1; ran out 
o f  f l u i d  supply but reached 1-MW; no low Q1 tes ts .  
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11/14 Check f low meters a t  o r i f i c e  overlap rates; considerable d i f f i c u l t y  
because o f  in te r fe rence by the gradual shu t t ing- in  of the wel l ;  
meters check okay. 

11/15 Began disassembly. 

11/16 Shipped assorted loan pool equipment t o  JPL on NASA plane. 

11/28 - 
11/29 

Load equipment f o r  shipment t o  Mexico. 

11/30 Ship equipment. 

3. S t a f f i n g  

The t e s t i n g  i n  I979 was done on the day s h i f t  only. Most o f  the tes ts  
were conducted by two men, one from JPL and one from HYC. 

E. FIELD TEST OPERATIONS: 1980 

A discussion o f  the f i e l d  t e s t  operations i n  Mexico i n  1980 i s  not w i t h i n  
the scope of t h i s  report.  The 1980 t e s t  resu l t s  a t  3000 rpm are included t o  
provide an understanding o f  the s ign i f i cance o f  the 1978 and 1979 Utah t e s t  
resul ts ,  and t o  show how t h i s  Pro ject  has l a i d  the foundation f o r  t e s t i n g  t h e  HSE 
power p lan t  elsewhere. For a repor t  on the f i e l d  t e s t  operations i n  Mexico, 
re fer  t o  CFE. 
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SECTION V I 1  

TEST RESULTS 

A. TEST DATA 

1. Pre-Delivery Testing: 1977 

The pre-del i very data o f  the acceptance t e s t i n g  consisted o f  handwritten 
notes and a record p r in ted  on the computer thermal p r i n t e r  o f  a l l  o f  the machine 
s tatus parameters, inc lud ing  the f a u l t  annunciation. Notebooks were kept by the 
JPL p r inc ipa l  inves t iga tor  and by the  HPC ch ie f  engineer dur ina t h i s  and a l l  
other a c t i v i t i e s  o f  t h i s  Project. 
procedures and check l i s ts  were w r i t t e n  for  s t a t i c  and dynamic t e s t i n g  of  the  HSE 
power p lant ,  and f o r  checking the i n te r fac ing  w i th  the data system. These 
procedures and check l i s ts  served both as a record o f  the acceptance tes t ing ,  and 
as the basis f o r  s im i l a r  check l i s ts  used t o  check the i n s t a l l a t i o n s  and a id  i n  
the start-ups i n  Utah and Mexico. I n  addi t ion,  a power p lan t  operator 's l og  was 
prepared by HPC f o r  t h i s  t e s t  and was maintained by HPC throughout t h i s  and a l l  
subsequent tes t ing ,  w i th  rev is ions i n  format as appropriate. An example of  an 
acceptance and in te r face  t e s t  procedure and check l i s t  i s  presented i n  Appendix K. 
An example o f  the operator 's  l og  o f  the power p lan t  i s  presented i n  Appendix N. 

For use i n  the acceptance tes t ing ,  de ta i l ed  

2. Utdh Testing: 1978 

The data f o r  the 1978 t e s t i n g  i n  dtsh was logged on the 2-1/2 inch  wide 
computer thermal p r i n t e r ,  on a 17-inch wide impact p r i n t e r ,  and on computer tape 
according t o  operator i ns t ruc t i on  (see Figures 2-14, 2-15 and 2-16) as discussed 
e a r l i e r .  As reported i n  Section IV.A.2.b., a condi t ion of t h e  Land Use Agreement 
was the repor t ing  t o  P h i l l i p s  o f  the d a i l y  f l u i d  usage. The report was prepared 
by p l o t t i n g  r e q u i s i t e  data from the operating l og  (see Figure 2-16) and i n t e -  
g ra t i ng  i t  graphica l ly .  A t ime i n t e r v a l  o f  7-1/2 minutes was used f o r  the p lo ts ,  
and a planimeter w;s used f o r  the in tegrat ions.  The p l o t s  also serve as a v isua l  
record o f  the 1978 tes t ing .  The f l u i d s  usage data f o r  the t e s t i n g  i n  1978 i s  
l i s t e d  i n  Table 4-2, which was prepared f o r  P h i l l i p s .  Relevant in format ion from 
a cover l e t t e r  and some of  the p lo t s ,  inc lud ing  those for the endurance test ing,  
are included i n  Appendix E. 

The data on tape were a l l  logged as f i n a l  data sets, cons is t lng  of bsual ly  
10, 20 o r  30 samples recorded by operator command under t e s t  condi t ions which 
appeared t o  be steady. Sixty-e'ght data sets were recorded s t a r t i n g  w i th  Set 
No. 2; Set No. 7 was inadver tant ly  recorder' over, and thus erased, leav ing 67 
data sets. The set number was o r i g i n a l l y  aLsignated as run number. A l l  67 data 
sets, or  runs, are reported here and are bel ieved t o  be va l id .  I n  the data 
analysis, c r ' t i c a l  t e s t  parameters from the runs were tabulated and averaged t o  
permit inspection, screening and subsequent processing of  the data samples. 
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These tabu la t ions  and averages are presented by run number i n  Appendix 0. For  
purposes o f  screening, the average absolute value o f  the deviat ions was calcu- 
l a ted  and shown, and a l l  data po in ts  whose dev iat ion exceeded three times the 
average dev ia t ion  were i den t i f i ed .  This i d e n t i f i c a t i o n  was f a c i l i t a t e d  f o r  Run 
Nos. 8 through 69 by l i s t i n g  the l i n e  and column numbers o f  those data points  
having three times the average deviat ion. The l i s t i n g s  f o r  Run Nos. 2 through 6 
are not presented w i t h  the run data. I f  inspection showed tha t  the dev iat ion was 
s i g n i f i c a n t  i n  terms o f  magnitude and parameter, the e n t i r e  data sample was 
discarded and the treatment repeated. From the r e s u l t i n g  averaged data sets, the 
t e s t  resu l t s  were caiculated and displayed by the compdter on the thermal 
p r i n t e r .  The 1978 r e s u l t s  were eventual ly recalcu lz ted f o r  presentation i n  
Table 7-1. 
eventual ly stored i n  a special Z ma t r i x  where they are i d e n t i f i e d  i n  Table 7 - 1  by 
Row Nos. 1 through 67. Also, f o r  computer programming convenience, 100 was added 
t o  the run numbers o f  the tab les i n  Appendix 0. 

These resu l t s  were i n i t i a l l y  stored i n  a standard m a t r i x ,  but were 

3. Utah Testing: 1979 

The data f o r  the 1979 t e s t i n g  i n  Utah was logged on the 2-1/2 inch wide 
computer thermal tape, on two 17-inch wide impact p r i n te rs ,  and on computer tape 
according t o  operator i ns t ruc t i on  (see Figures 2-15, 2-17, 2-19 and 2-19), as 
discussed e a r l i e r .  The f l u i d s  usage data from the operating log  (F igure 2-19) 
were compiled and l i s t e d  i n  Table 4-3 f o r  de l i ve ry  t o  P h i l l i p s .  Relevant in fo r -  
mation from a cover l e t t e r  i s  included i n  Appendix E. P l o t t i n g  o f  the  1979 data 
was not necessary because the 1979 computer operating program d id  the necessary 
i n teg ra t i on  and sumnaries f o r  Table 4-3. 

The t e s t  data on tape were logged e i t h e r  automat ical ly accordirig t o  pre-, 
selected times, o r  were recorded i n  sets comnanded by the operator under t e s t  
condi t ions which appeared t o  be steady. Some o f  the data which were logged auto- 
mat ica l  l y  were logged a t  f o r t u i t o u s  times o f  steady operation dur ing the tes t ing ,  
and others were not (see below). Therefore, the operating logs were ca re fu l l y  
examined f o r  steady operation, j u s t  preceding and fo l low ing  the recording on 
tape, as the basis f o r  processing the data or not. The selected unprocessed data 
from the 1979 tes ts  are presented i n  Table 7-2. It can be seen tha t  the exhaust 
pressure tabulated as P 2  was unstable f o r  some o f  the data sets, espec ia l l y  a t  
high load, making i t  appropriate t o  ca lcu la te  the e f f i c i ency  on the basis of  
exhaust temperature T2. Note also tha t  Set No. 78 ( f i v e  f i l e s ,  Nos. 15 through 
19) i s  missing from the table, i nd i ca t i ng  tha t  these data were not considered 
acceptable. The operating l og  showed that  the tes t  condit ions were disturbed 
dur ing the recording o f  t h i s  set. A l l  other data sets were considered t o  be 
good. It should be pointed out, however, tha t  subsequent t o  the preparation of  
Table 7-2, a cor rec t ion  was made i n  the ca lcu la t ion  o f  gearbox losses i n  the 
power p lan t  r e s u l t i n g  i n  a small decrease i n  the ca lcu lated e f f i c iency .  It was 
not p rac t i ca l  t o  replace Table 7-2 because o f  the computer time involved, but t he  
corrected resu l t s  appear i n  the subsequent data tabulat ions and were used i n  the 
data analysis. 
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The unprocessed data sets were tabulated and averaged (see Appendix P). 
These tables contain instantaneous data, whereas data logged w i th  a zero set 
number were data which were averaged and logged automat ical ly by the computer. 
I n  most cases, improper data logged automat ical ly was disca,*ded based on inspec- 
t i o n  o f  the operat ing log. 
screening process was recorded dur ing Run No. 13 a t  t ime 14:17:04 on F i l e  
No. 36. The operator observed t h i s  recording, noted tha t  t e s t  condi t ions were 
being adjusted and entered "No good" i n  the operat ing l o g  (see Figure 2-17). 
Unfortunately, the bad data sample was retained and appears i n  the subsequent 
processed and unprocessed data tabulat ions and i n  the f i n a l  resul ts .  

The only known bad sample A i c h  sl ipped through the 

The number of rows o f  good data presented f o r  1979 i s  84, compared with 67 
fo r  1978 (152-67-1). 
an aggressive t e s t  program t o  character ize the performance of the HSE under a 
wide va r ie t y  o f  t e s t  condit ions. Data were recorded on tape only by d i r e c t  
operator comnand. 
May 22 t o  May 30, on ly  4 sets or rows o f  data were recorded on tape because no 
new performance was being demonstrated, other than d u r a b i l i t y .  The copious 
p r in ted  data logged by the operating program f o r  a l l  t eb ts  were not used t o  
supplement the tables i n  t h i s  report  nor the data analysis because there was no 
need t o  do so. I n  1979, on the other hand, data were logged on tape automati- 
c a l l y  and frequent ly dur ing periods o f  overhaul ve r i f i ca t i on ,  system demonstra- 
t ion,  and on 10 days o f  monitor ing f o r  e f f i c i e n c y  change whi le t r y i n g  t o  force 
scale growth w i th  i n j e c t i o n  o f  calcium chlor ide,  usual ly under constant t e s t  
condit ions. Much o f  these data are uninterest ing from the standpoint o f  
performance mapping but inf luence the data co r re la t i on  nonetheless. O f  the 14 
t e s t  days i n  1979, 11 days and 49 rows o f  data were of t h i s  sort .  This d i s t r i b u -  
t i o n  o f  t e s t  days shows what was emphasized during the 1979 test ing,  and stresses 
the importance the invest igators  placed on the growth o f  scale w i t h i n  the 
expander f o r  a proper evaluat ion o f  the machine. The 1979 t e s t i n g  was essent ia l  
t o  assess the adequacy o f  the overhaul and equipment modi f icat ions under known 
f i e l d  condit ions. It also supplemented the 1978 t e s t  resu l t s  w i th  tes t  data for  
f u l l  load and f o r  near ly dry steam feed. Nonetheless, the ma jo r i t y  of the 
performance cha rac te r i s t i cs  presented i n  t h i s  report  were determined i n  1978. 

This comparison i s  misleading. The 1978 data resul ted from 

During the 182-hour per iod o f  continuous operation during 

The 1979 t e s t  resu l t s  were calculated for the averaged data and stored i n  
the special Z m a t r i x  (Ref. 4). The resu l t s  are presented i n  Table 7-3. The 
special Z m a t r i x  was developed t o  accommodate a l l  o f  the t e s t  resu l t s  f o r  1979 as 
w e l l  as 1978, and also the t e s t  resu l t s  from a l l  subsequent t e s t i n g  i n  other 
countries, o r  elsewhere, as long as the data logging i s  compatible. This was 
done t o  f a c i l i t a t e  a comparative analysis o f  the t e s t  resu l t s  on a compatible 
basis w i t h i n  the l i m i t s  o f  d i f f e r i n g  t e s t  procedures, c a l i b r a t i o n  accuracy, etc. 

an example o f  the app l i ca t i on  o f  t h i s  data management concept, the resu l t s  of 
the 1980 t e s t i n g  by CFE i n  Mexico are includ-d here. 

4. Mexico Testing: 1980 

The 1980 t e s t i n g  i n  Mexico u t i l i z e d  Test Process No. 2 described i n  
The exhaust vapor flow was measured w i th  a Section V.3.b. (see Figure 5-2). 
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sharp-edged o r i f i c e  w i th  flange tapzs, and the exhaust l i q u i d  was measured with a 
C i p o l l e t t i  t rapezoidal  weir. Standard o r i f i c e  and weir  equations were used. 

The data f o r  the 1980 t e s t i n g  i n  Mexico was logged by CFE on two 17-inch 
p r in te rs ,  and on computer tape by the operating computer using the same data 
system tha t  was used i n  Utah. These data logs are on f i l e  i n  Mexico. I n  addi- 
t i on ,  a t  approximately the same time tha t  steady-state data were logged on tape 
by CFE, data were logged by JPL on tape by the second, or analysis, computer con- 
nected i n t o  the system. It i s  the data logged by JPL which are reported here, as 
discussed i n  Section II.E.2.c. 
and then logged as averaged sets, and some were logged as sets of  instantaneous 
data samples. The instantaneous data were tabulated and averaged f o r  examination 
and processing exact ly  as was done w i t h  t h e  Utah data. 
averages are presented i n  Appendix Q. The t e s t  resu l t s  were then calculated from 
averaged data and added t o  the Z matrix. 

Some o f  these data were averaged by the computer 

The tabulat ions and 

A t  the t ime the dPL data logging began, an endurance run of  approximately 
984 hours was nearing completion. Thus, the data i n  Row Nos. 154 through 163 o f  
the Z ma t r i x  are endurance run data. During the endurance run the calculated 
e f f i c i e n c y  was observed t o  increase under approximately constant t e s t  condit ions. 
This i s  consistent wi th  predic t ions based on an expected d i spos i t i on  o f  scale 
w i t h i n  the machine and a r e s u l t i n g  decrease i n  leakage clearances. Inspections 
of the w t o r s  on occasions dur ing the endurance t e s t  and l a i e r  confirmed tha t  
there was some scale bui ld-up i n  thickness estimated t o  be not more than 40% o f  
t h a t  necessary t o  close the leakage paths. Subsequent inspection of the process 
p ip ing  revealed white scale deposits i n  the pipe imnediately downstream from the  
pressure contro l  valve near the wellhead i n  comparison w i th  the small amaunt o f  
dark deposits w i t h i n  the machine. Based on the experience i n  Utah, i t  was known 
t h a t  from the standpoint o f  deposi t ing scale w i t h i n  the machine, i t  would have 
been b e t t e r  t o  i n s t a l l  the presssure control  valve i n  the bypass i q  order t o  
a l low f l u i d  from the well  t o  f l o w  essen t ia l l y  undisturbed from the wellhead t o  
the expander. Placement o f  the valve i n  the bypass was considered and re jected 
i n  the i n t e r e s t  o f  avoiding exposing the expander t o  high wellhead pressures i n  
case o f  a process mishap. 
r o t o r s  was shed again dur ing the 1980 test ing.  

Unfortunately, much of  the scale which d i d  form on t h e  

5. Anomalies 

Anomalies occurred i n  two independent checks of  the e l e c t r i c a l  data 
acquis i t ion,  namely, the comparison o f  k i l o w a t t  and k i l o w a t t  hour measurements 
and the ca l cu la t i on  o f  power factor. 
V., the calculated e f f i c i e n c y  of  the HSE varies irlmost d i r e c t l y  as the a l t e r n a t o r  
output power P , which i s  measured by the k i l o w a t t  transducer i n  the data 
system. Therefore, the accuracy of  the power measurement i s  very important. The 
HSE power p lant  i s  equipped w i th  a k i l o w a t t  hour meter which i s  independent of  
the computerized data system. 
generator w i th  each pulse corresponding t o  exact ly 1.44 kWh. 
connects t o  a counter i n  the  D a t a  Van. 

As shown by Equations (1) and ( 2 ) ,  Section 

The k i l o w a t t  hour meter i s  equipped w i th  a pulse 
The pulse generator 

This arrangement permits the prec ise 
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measurement of e l e c t r i c a l  energy output of the a l te rna to r  f o r  r e l a t i v e l y  short 
t ime in te rva l s .  This measurement can be compared with the energy output deter- 
mined by i n t e g r a t i n g  the power measured by the data system over the same time 
in te rva l .  The resu l t s  were anomalous, w i t h  the values d i f f e r i n g  by as much as 
3.5% dur ing 1978, 1979 and 1980 (see Figure 7-1). 'I'here i s  some experimental 
evidence tha t  the discrepancy was temperature dependent, which would not be 
su rp r i s ing  since the ambient temperature dur ing t e s t i n g  varied from about 15OF t o  
123OF. This inference i s  not supported by the manufacturer's spec i f icat ions on 
the k i l o w a t t  hour meter or the watt tra..sducer. The two instruments w r e  post- 
ca l i b ra ted  i n  A p r i l  1981 and found t o  be w i t h i n  the accuracy speci f icat ions.  The 
spec i f i ca t i ons  f o r  the watt meter are*O.l% accuracy a t  25°C *5'C, an operating 
range o f  -2OOC t o  +7OoC, w i th  a temperature s e n s i t i v i t y  o f i0 .0052 per OC.  A l l  
of the e f f i c i e n c y  ca lcu lat ions i n  t h i s  report  are based on the k i l o w a t t  
measurement. 

Another means i s  avai lab le t o  monitor the data system f o r  er rors  which might 
creep i n t o  the measurement o f  e l e c t r i c a l  data. This i s  the ca l cu la t i on  o f  power 
f a c t o r  PF from the measurement o f  voltage V, current I, and power kW, since 

PF = kW/VIf l  

It was expec+?d tha t  the power fac to r  would vary from near u.9 a t  low load, 
cons is t ing o f  the in-p lant  induct ion motors and the load bank fan motors, t o  near 
u n i t y  a t  high load when the r e s i s t i v e  load o f  the load bank i s  dominant. 
tabulated power factor data o f  greater than u n i t y  i n  t h i s  report  are theo re t i -  
c a l l y  impossible and have not been explained. 
ca lcu lat ions was produced by transformer of comnercial rather than instrument 
grade, and may be the cause. 

The 

The voltage measured for the 

This has not been ir3testigated. 

B. QUANTITATIVE TEST RESULTS, CORRELATION AND INTERPRETATION 

I n  t n i s  Project ,  the machine e f f i c i e n c y  o f  the expander was taken as the 
q u a n t i t a t i v e  index o f  performance on which t o  base the evaluat ion (see 
Section V.A). The experimental resu l t s  are presented w i th  the s t i p u l a t i o n  tha t  
the machine was incomplete pending the growth o f  scale i n t e r n a i l y ,  which i s  
necessary t o  provide the f in ished i n t e r n a l  dimensions. U n t i l  these dimensions 
are achieved, leakage past the ro to rs  occurs i n  amounts s u f f i c i e n t  t o  degrade the 
performance. Therefore, the machine was unf in ished as tested and the Z s u l t s  
must be consjdered as prel iminary.  For t h i s  reason, and because an appl icat ions 
analysis was deleted from the Project ,  sample u t i l i z a t i o n  curves, such as 
spec i f i c  consumption versus power output, are not included i n  t h i s  report.  Such 
curves, based on the experimental data, would not represent the po ten t i a l  
performance o f  the expander and would be misleading. This would be contrary t o  
the JPL commitment t o  perform an unbiased evaluation. I n  fact ,  the t e s t  resu l t s  
were h igh ly  biased by leakage. However, w i t h  the informat ion presented i n  t h i s  
report ,  the geothermal u t i l i z a t i o n  engineer can ca lcu late u t i l i z a t i o n  curves for 
any f i e l d  condi t ions o f  i n t e r e s t  f o r  the range o f  parameters tested. 
not discourage the ca l cu la t i on  because i n  tha t  case the curves are not l i k e l y  t o  
be used on an uninformed basis. 

JPL does 
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O f  much greater importance than u t i l i z a t i o n  curves are the re la t ionships 
which character ize the behavior o f  the expander. Only by proper c h a r a c t e r i z a t i m  
can the f u l l  u t i l i z a t i o n  o f  the machine eventual ly be real ized. Toward t h i s  end, 
a l l  o f  the experimental data sets were reported and were used i n  the analysis t o  
determive the performance cha rac te r i s t i cs  of  the machine. That i s ,  preconceived 
ideas about what the performance cha rac te r i s t i cs  should be were not used t o  
determine which tes t  data were val id. Rather, the v a l i d i t y  o f  the data was 
determined a t  the time the data were recorded, thus chal lenging the data analysis 
t o  produce corre la t ions which f i t  the data, ra ther  than the reverse. I n  per- 
forning the analysis t o  determine the performance cha rac te r i s t i cs  o f  the machine, 
i t  was recognized tha t  these cha rac te r i s t i cs  are not independent of  f l u i d  leakage 
w i t h i n  the machine, but they are l i k e l y  t o  be af fected less than u t i l i z a t i o n  
curves . 

1. Q u a n t i t a t i v e  Test Results 

The 1978, 1979 and 1980 t e s t  resu l t s  o f  the HSE t e s t i n g  i n  Utah and 
Mexico were calculated from averaged data sets and are presented i n  Table 7-4. A 
few subheadings have been inserted i n t o  the tab le  t o  i d e n t i f y  changes i n  the 
year, place or  some o f  the s p e c i f i c  object ives of the tests.  The t e s t  condi t ions 
are best i d e n t i f i e d  by reeding the data because they are mixed and far-ranging. 
The Utah t e s t  condit ions irlcluded i n l e t  f l u i d  ranging from subcooled l i q u i d  t o  
99% steam, i r l l e t  pressure from 84 t o  258 psia,  exhaust pressures of atmospheric 
12 psia and 30 psia, and expander shaft  ' s i .  "rom i d l i n g  t o  1059 kW, a l l  a t  3000- 
rpm male r o t o r  speed. The Utah t e s t  r' Itr k f  machine e f f i c i e n c y  versus shaft 
output power are presented i n  Figure 7-d. The maximum e f f i c i ency  achieved i n  
Utah was 53.9%, wi th  the rotors  essen t ia l l y  bare. 

The Mexico t e s t  condit ions included i n l e t  steam f rac t i on  from 10 t o  34%, 
i n l e t  pressure from 96 t o  190 psia, exhaust pressure of  atmospheric 14.7 ps ia  and 
25 t o  40 psia, and expan' .. ,haft load from i d l i n g  t o  914 kW, a t  3000 and 4000- 
rpm male r o t o r  speed. Trre l lexicd data logged by 3PL are included here t o  empha- 
s ize the i t rqwtance o f  scale deposits w i t h i n  the  HSE for  an evaluat ion of  i t s  
performance, as : e I 1  as t o  demonstrate the compa t ib i l i t y  o f  the data treatment. 
(Discussion ,f th? 1000-rpm data and inc lus ion o f  the Mexico 1981 vacuum exhaust 
t e s t  data tir.'? otlt'irle the scope o f  t h i s  report.  For a report of these subjects, 
inc lud ing Accuracy, process and t e s t  de ta i l s ,  etc., refer t o  CFE.) 
Mexico ter,t ;,e,stilts o f  machine e f f i c i e n c y  versus shaft output power are presented 
as c i r c l e s  i n  Figure 7-3, shown along w i th  the Utah tes t  resul ts.  The e f f i c i ency  
improvement a t t r i b u t a b l e  t o  scale growth on the ro to rs  and case i n t e r i o r  can be 
c l e a r l y  seen. The maximum e f f i c i e n c y  achieved was 62.0%. E f f i c i enc ies  i n  the 
range o f  49 t o  50% were calculated and displayed by the data system i n  Mexico 
before the scale growth occurred. These ea r l y  data were not logged by JPL but  
are avai lab le from CFE. 

The 1980 

Table 7-4 includes i n l e t  enthalpy tabulated as H1, spec i f i c  energy output i n  
k i l o w a t t  hours per 1000 pounds o f  f l u i d ,  tabulated as kWs/kM, shaft  output power 
kWs of  the HSE, and e l e c t r i c a l  output kW o f  the a l ternator .  The f i r s t  two are 
parameters o f ten  used w i th  turbines and were occasional ly requested by v l s i t o r s  
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Table 7-4. 1978, 1979 and 1980 Test Results 

reu ate Rm Set DATE Ti# 
0 to3 2 w o b  0:10:oo 

2 10 113 3 04/06 0:11:00 
3 11 104 4 04/06 0:OO:OO 
4 12 105 5 04/06 0 : O O : O I  
5 13 106 6 84/16 0:Ol:OO 
6 15 108 8 04/20 O:QI:10 
7 16 109 9 85/03 18:17:20 
8 1: 110 10 05/03 18:16:40 
9 18 ill 11 IV03 19:07:41 

i0 19 112 12 85/83 19:35;20 
11 20 113 13 05/13 i9:4?:41 
12 21 114 14 O W 3  19:59:21 
13 22 115 15 05/04 17:56:20 
14 23 116 16 05/04 18:41:20 
15 24 117 17 05/04 19:19:21 
16 25 118 18 85/08 15:38:0l 
17 26 119 19 15/88 19:iS:Oi 
18 2? 121 21 05/08 19:21:00 
19 28 121 21 15/08 19:22:10 
20 29 i22 22 15/12 11:15:30 
21 30 123 23 05/12 12:20:00 
22 31 124 24 15/12 12:49:00 
23 32 125 25 05/12 12:Sl:OO 
24 33 126 26 15/12 13:21:31 
25 34 127 27 05/12 13:26:01 
26 B 128 28 05/12 14:OS:OO 
27 3b 129 29 05/12 14:lB:OO 
28 37 130 31 05/13 10:40:20 
29 38 131 31 05/13 '0:44:20 
31 39 132 32 05/13 ll:0?:01 
31 40 133 33 05/13 11:11:20 
32 41 134 34 05/14 10:36:0l 
33 42 135 35 05/14 ll:41:20 
34 43 136 36 15/18 11:23:20 
35 44 137 37 15/14 11:34:05 
36 45 138 38 05/14 13:36:00 
37 46 139 39 W l 4  13:40:20 
38 47 140 40 65/15 1l:lE:OO 
39 48 141 41 w 1 5  11:20:21 
41 49 142 42 W 1 5  11:56:40 
41 50 143 43 05/15 11:59:01 
42 51 144 44 05/15 13:23:20 

M R Y 1. 1. c 3. 9 t i 3  1. 
C f\i C l l l  kTFD F R O M  A U f R A L T  D DATA SETS 

Pi 01 H1 k Y s 4 H  
109.8 1.8 319.7 1.12 
109,l: l o o  313.0 1.23 
120.4 1.2 321.9 1.49 
104.1 2.8 324.7 1-80 
128.7 2,s 337.8 2.03 
13*3 4.8 355.9 2.73 
111.7 1.7 319.9 1.76 
112.8 1.5 319.6 1.7 
115.6 2.9 326.3 1,93 
117.7 2.7 326.9 1.94 
14708 -2.2 325.2 1.92 
138.5 0.0  322.3 1.85 
126.1 -1.1 313.6 1.61 
115.3 0.1 308.9 1.45 
113.5 -1.0 305.4 1.26 
155.3 8.4 414.2 3.80 
95.9 16.9 444.4 4.60 
95.4 16.9 444.3 4.58 
95.2 17.8 4443 4 ,b I  
96,2 10.5 387.3 3.31 
09.1 15.1 423.4 3.95 

87.5 20.1 46.6 4.78 
04,? 24.6 515.7 5.49 
84.3 24.7 5lb0? 5.51 
118.7 5.2 348.8 2.49 
119.3 5.2 349.3 2.49 
99.8 9.9 385.1 3.45 
101.8 9.7 383.9 3.43 
92.6 15.0 425.1 4.31 
91.9 15.6 429.9 4.42 
134.7 9.8 405,2 4.14 
135#3 9.7 404.9 4.15 
128.5 19,8 409.3 6.19 
127.6 21.1 492.0 6,27 
139.3 15.2 4%*1 5.58 
140,3 15.3 456.3 5.58 
155.0 9.9 417.0 4.46 
156.6 9.0 417.1 4 .48  
1 B A  19.8 492.9 6.44 
136.0 19.7 492,l 6.41 
170,s 5*7 388.1 3,49 

87.7 19.9 wi 4.77 

kYs 
I22 
181 
230 
345 
394 
321 
394 
394 
192 
392 
391 
391 
399 
414 
411 
58) 
382 
382 
382 
L W  

279 
278 
279 
277 
m 
279 
279 
361 
3% 
360 
357 
478 
474 
476 
474 
576 
S?3 
691 
687 
643 
643 
812 

KY e f f %  efffn effPdX P2 
76 25.5 P5.1 
135 31.5 29.8 
I83 32.6 2.4 
297 39.3 30.6 
344 37.4 37.2 
273 43.1 42.2 
345 40.9 39.4 
345 41.1 39.6 
343 4i.8 41.5 
343 42.1 41.8 
341 41.1 40.1 
341 41.9 39.8 
KO 41.2 38.3 
354 39.1 36.9 
361 36.6 X3.8 
331 41.3 44.6 
333 46.2 45.3 
333 46.3 45.2 
333 46.2 45.4 
232 44.8 44.i 
231 45.0 44.4 
231 45.0 44.3 
231 45.1 44#3 
229 45.2 44.4 
229 45.3 44.5 
231 43.3 42.5 
231 432 42,4 
312 47.2 46.2 
308 46.9 45.9 
311 48, l  47.1 
318 48.2 47.3 
427 46.3 45.2 
423 46.3 45.2 
425 46.7 45.1 
424 46.8 45.9 
524 47.7 46.6 
521 47.2 46.3 
635 45.3 44.1 
652 45,s 44.2 
589 47.2 46.1 
9 9  47.0 45.8 
754 43.4 41.0 

0.0 12*1 
0.0 12.1 
0.8 11.9 
0.1 12.0 
0.0 11.8 
0.1 1l.Y 
0.1 12.4 
I." 12.4 
0.1 12.3 
1.0 12.3 
0.1 12.3 
0.1 12.3 
0 .0  12.6 
0.1 12.8 
8 . 0  13.2 
1.0 12.1 
0 .0  i2.1 
001  12.2 
0.1 12.1 
0.0 12.2 
0.0 12.1 
0.1 12,l 
0.1 12.1 
0.1 12.1 
0.1 12.1 
1.0 12.2 
0.0 12.2 
0.0  12.2 
0.1 12.2 
0.1 12.1 
0.1 12,2 
0.0 12,2 
0.0 12,2 
0.0 12.1 
0.1 12.1 
0.1 12.2 
1.0 12.1 
0.1 12.3 
0.1 12.4 
0.1 12.2 
1.1 12.2 
0 . 8  13.3 

mrr eff:E?C 
28 0 .89  
38 0.91 
41 0.91 
88 8.93 
MI 0.M 
56 1.18 
87 0,93 
65 0.94 
95 0.95 
92 0.96 
41 1.98 
si 0.97 
63 0.92 
81 0.88 
85 0.81 
45 1.13 
97 1.06 
98 1.06 
98 1.06 
72 1.t4 

7 1.14 
70 1,14 
81 1.14 
81 1.14 
63 1.11 
62 1,ll 
88 1 - 1 1  
86 1-11 
101 1.12 
110 1.13 
71 1.04 
71 1.04 
70 1.15 
71 1.05 
81 1,03 
80 !.I3 
87 0.97 
85 0,98 
97 1.01 
97 1.11 
97 0.91 

n 1.14 
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Table 7-4. (Cont’d)  

rou ave Run ‘;et DATE TIM 
43 52 145 45 05’19 16:09:30 

45 54 147 47 O S R e  13:35:01 
46 55 140 48 15/20 13,37:31 
Elevated QdC kpressure 
47 56 i49 49 05/20 14:96:00 
48 57 158 58 05/20 14:1?:30 
49 58 151 51 95/29 14:16:31 
50 59 152 52 05/20 14:40:03 
51 60 153 53 W?O 14:44:00 
52 61 154 5) 05/20 15:05:15 
53 62 155 55 85/20 15:07:45 
54 63 1% 56 05/20 15:52:30 
55 64 157 57 05/20 15:55:55 
High Inlet Quality 01 
56 65 158 58 05/21 ?1:08:29 
51 66 159 59 05/21 21:26:54 
58 67 160 60 85/21 21:29:14 
59 68 161 61 05\21 21:33:10 
60 69 162 62 05/21 21:36:19 
61 79 163 63 05/21 21:40:42 
62 71 164 64 W 2 1  21:53:18 
63 7? :G 65 05/21 21:55:30 
64 73 166 66 05/24 11:07:00 
65 74 167 67 95/24 19:17:00 
66 75 169 68 15/26 17:E:OO 
b7 16 169 69 15/26 18:10:27 

44 53 146 46 bar9 16:13:30 

Pi 01 Hi k W k M  
140.8 16.4 466.3 2.51 
118.2 16.8 457.3 2-28 
143 2 15.9 454.0 4.54 
142.7 15.I 454.5 4.55 

P2 
143.0 19.2 491.7 4.10 
154.2 20.1 504.8 4.41 
153.2 20.2 504.8 4.39 
159,B 15.1 463.4 3.9 
159.8 iS.1 463.7 3.54 

lsE.8 10.1 420.5 2.82 
116.6 4.9 3 M 0 3  2.32 
169.9 5.3 384.4 2.30 

155.2 10.2 419.5 2.n 

122.7 23.0 514.5 6.83 
lJb.4 62.7 867,l 13.49 
128,7 77.0 990.3 16.9 
126,8 42.4 686.3 9.11 
131,4 44.5 716.7 9.93 
136,O 41.9 685.7 9.47 
110.4 62.4 856.2 12.54 
lD8.0 62.5 W . 1  12.49 
132,3 5.1 362.8 2.19 
145.7 4.3 363.5 2.80 
129.6 4.8 359.2 2.n 
1?4,7 5.2 359.5 2.92 

kyS 
228 
229 
385 
38s 

3# 
387 
387 
394 
391 
3w 
399 
393 
398 

337 
341 
342 
341 
344 
338 
333 
339 
342 
341 
358 
33s 

kY e f t% ef f l2X effPdX P? 
173 34.3 32.9 0.1 31.2 
173 37.9 36.0 
335 43.0 42.0 
335 43,O 42.0 

337 45.9 44.2 
533 44.4 42.9 
338 44.4 43.0 
345 45.2 43.1 
342 45.1 43.4 
348 46.7 45.1 
349 46.7 44.8 
344 45.2 43.7 
348 45.5 44.0 

L W  47.5 46.6 
292 39.9 39.2 
2993 42.0 41.2 
291 38.7 38.6 
296 40.0 39.i 
289 39.4 38.6 
284 41.0 41.2 
281 41.2 48.4 
294 41.5 40,9 
291 40.8 49.1 
2d9 42#6 41.9 
287 45-0 44.3 

0.1 33.2 
0 . 0  15.3 
0.1 15.3 

0.1 27.8 
0.1 27.1 
0.0 27.2 
0.0 30.1 
0 . 1  29.8 
0.1 30.4 
0.0 30.3 
0 .0  27 .0  
0 . 0  27.3 

0.1 12.1 
0.0 12.1 
0.1 12.1 
0 4 0  12.1 
0.1 12.1 
0.0 12.1 
0.0 !2#1 
o * o  12.1 
0.0 12.0 
0.1 12.0 
0 0 0  12.0 
1*0 12.0 

1979: Overhaul Confirmation, Performance Survey, and Scale Ceposit Attempts 
68 169 
69 170 
70 171 
71 172 
72 1?3 
73 174 
74 175 
75 176 
76 t7? 
17 178 
78 179 
79 180 
eo 182 
81 183 
82 194 
83 185 
84 186 
85 187 
Nl 188 
87 189 

0 0 loll2 16:59:19 
0 1 10/12 1?:23:44 
0 0 18/12 17:36:36 
0 0 11/12 17:40:57 
0 0 lO/lE 17:57:06 
0 0 10/12 18:06:54 
0 C 10/12 19:15:49 
0 0 10112 18:47:54 
0 0 10112 18:58:11 
0 8 19/12 19:00:08 
0 0 10112 19:12:15 
0 0 10112 28:12:17 
1 0 loll6 11:38:44 
1 0 10/16 12:30:46 
1 0 loll6 13:38:47 
1 0 10/16 14:30:49 
1 0 10/16 15:30:50 
‘ 0 19/16 16:30-51 
1 0 10/16 17:21:39 
1 0 loll6 17:30:54 

282.2 -7.6 346.3 2.85 
221,7 -13.0 348.5 2.01 
114.8 4.6 347.6 2.07 
110,8 4.9 347.8 2.08 
195.2 0.7 357.3 2.46 
251.7 -15,l 358.4 2.36 
136.5 4.2 357.5 2.49 
193.4 1.6 364.1 2-68 
252.3 -9.2 3M.9 2.61 
252.9 -9.3 565.1 2.59 
165.5 3 + 2  364.4 2.71 
225.2 1.8 379.2 3.02 
170.2 4.3 376.4 2.52 
162.7 5.0 378.1 2.56 
163.7 5.2 380.3 2.58 
163.7 5.2 380.6 2.60 
15R.9 5 . 4  381.4 2.60 
157.4 5.5 380.3 2.53 
164.9 5.1 380.2 2.58 
160.7 5.4 380.9 2.61 

225 
225 
222 
223 
328 
331 
327 
420 
421 
422 
425 

213 
215 
213 
214 
212 
213 
21s 
221 

398 

16 34.0 33.8 33.6 12.9 
185 32.1 52.4 32.1 11.6 

183 35.3 3.7 36.7 11.6 
286 36.2 36.5 3 . 4  11.7 
288 34.8 34.6 34.7 12.8 
285 38.1 38.2 39,4 11.8 
376 37.7 37.5 30.1 12.0 
378 35.9 35.9 35.9 12.1 
378 35.9 35.8 35.9 12.0 
382 38.6 38.3 39.6 12.0 
355 36.7 3b,8 37.3 11.9 
173 32.3 32.4 33.2 12.0 
174 32*5 32,7 33.5 11.9 
173 32.1 32.4 33.0 11*7 
:73 32.4 &?,b 33.3 11.8 
172 32.3 32.8 33.2 11.6 
173 31.7 32.0 32.7 11.7 
175 31.9 12.4  32.7 11.0 
181 32.8 3J.4 j3,8 11.6 

iw 35.3 35.4 36.8 11.8 

ThrZ eff :E/C 
62 0.90 
76 0.98 
52 1.01 
52 1.01 

70 1.01 
65 0.98 
67 1.98 
72 0.99 
70 0.99 
81 1.01 

62 1.99 
67 0.99 

50 1.19 
48 1.01 
40 1.16 
42 0.97 
41 1.OP 
38 1.01 
51 1.10 
52 1.01 
53 1.03 
44 1.03 
53 1.06 
56 1-11 

11 1.05 
7 l # O l  

85 1.99 
100 0 . 9 3  
30 loO1 
8 1.00 

101 0 . 9  
50 0.96 
12 0 . 9 7  
12 0 . 9 7  
8E 0.93 
33 1-01 
28 1.00 
32 0 . 9 9  
31 0 .W 
32 1.39 
33 0 . 9 9  
35 0,w 
32 0.98 
34 0 . 9 9  

n 1.01 
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rmu w e  Run Set DATE 
88 192 2 0 10/17 1?:45:15 
89 193 2 0 W i 7  18:45:17 
PI 196 2 810/18 12:11:45 
91 197 2 0 lOli8 13:1i:47 
92 198 2 0 10/t8 14:11:49 

94 201 2 0 10/18 16:11:53 
95 291 2 0 11/10 ;7.11:54 
96 203 3 0 10/28 11:09:40 
97 204 3 0 10120 17:09:49 
98 215 3 0 18/20 13:09:51 
99 216 3 0 18/21 14:09:52 

181 211 4 0 18/23 12:28:31 
101 212 4 0 10123 13:28:40 
102 E13 4 0 W23 14:20:41 
103 214 4 0 18/23 15:28:42 
104 215 4 0 10/23 lb:28:43 
105 2!6 4 0 11/23 17:29:16 
106 218 5 0 W2S 17:24:52 
107 219 5 0 18/25 18:11:3i 
108 220 5 0 10/25 19:11:32 
109 221 S 0 10125 19:53:25 
110 224 6 J 11/27 11:99:31 
111 22S b 0 18/27 12:09:33 
112 226 6 0 11/27 13:09:35 
if3 227 6 0 lOl27 14:10:37 
114 228 6 0 10/27 15:09:38 
115 229 6 0 10127 15:09:40 
116 230 6 I 11/27 17:19:41 
117 231 6 B lW? 18:09:43 
118 234 1 0 10/28 11:56:2l 
119 235 7 0 18/28 12:56:?0 
120 236 7 0 11/26 13:56:23 
121 ?J7 7 0 11/20 14:56:25 
122 246 9 0 11/03 13:18:36 
123 247 9 0 11/03 13:26:00 
1?4 248 9 0 11/03 13:31:41 
1ZS 249 9 I 11/13 14:37:42 
126 ?SO 9 0 111'03 15:41:22 
1 7  251 9 0 11/03 16:411:23 
128 253 10 0 11/14 11:4?:36 
129 255 11 0 11/06 i1:59:46 
130 256 11 0 11/06 12:59:47 
131 257 l l  0 11/06 13:59:40 
132 258 I1 C 11/06 14:59:50 
133 260 11 0 11/06 17:01:18 

TINE 

93 iw 2 e i e m  is:ii:si 

P i  
1M,5 
181 .a 
ls6.0 
15.8  
160.9 
173.8 
176.4 
171 .8 
1bS.I 
172.6 
153.3 
lU.8 
223.7 
231.7 
238.8 
234.1 
256.1 
234.1 
250.9 
TS.5 
257.5 
257.7 
2 9 . 0  
2s2-9 
252.3 
E200 
251.9 
2 9 . 2  
255.1 
256.4 
257.1 
254.5 
258,2 
258.3 
217.8 
242.5 
140.7 
172.0 
is5 I O  
165,O 
164.0 
136,9 
tMIB.S 
157.5 
166.2 
149.3 

91 H i  hYs/kM 
5.2 381.1 2.71 
4 . 4  302.4 2.82 
S.8 381.9 2.66 
5.9 382.4 2.66 
5.2 582.9 2.70 
4.9 383.0 2.74 
4 .7  382.7 2#65 
S - 0  383.1 2.69 
5.6 W05 2.73 
5.2 385.3 2.71 
6 .4  386.2 ?,78 
6 , 4  586.0 2.71 
2.1 381.5 3.08 
1.8 381.6 3.12 
1.4 581.6 3.18 
1.7 381.7 3.18 
1.6 382,l 3,19 
1.7 382.2 3.17 
1.0 382.6 3.16 
0.8 383,3 3.23 
0.8 383.4 3.19 
0.8 383,b 3.24 

10.1 458.9 5.22 
10.1 458.5 5.75 
10,O 457.5 5.20 
10.1 458.5 5.29 
10.2 458.9 5 , J I  
10,l  458.7 5.28 
9.9 4 9 , O  5.27 

11.7 464.6 5.39 
2 5 . 0  582.7 8.34 
25.1 582.8 8.33 
3 . 4  586.1 8#47 
25.2 581.7 8,SO 
9 9 . 0  1191.1 21.63 
98.8 t191.2 21.35 
99.7 1190,9 21,96 
3.8 372.9 2.54 
3.5 361.4 2.38 
4 . 4  374.2 2.59 
4.8 XV.1 2.65 
7.1 383.1 1.91 
7.1 383.2 1.89 
508 383.1 2 a 0 0  
4.7 377.7 1.97 
6.2 381.9 2.10 

h k  
215 
216 
213 
216 
21s 
214 
214 
216 
216 
214 
213 
214 
433 
439 
438 
438 
438 
436 
489 
661 
657 
657 
590 
587 
589 
587 
591 
589 
588 
591 
584 
587 
585 
cm 
579 
579 
579 
221 
2 6  
224 
ni 
108 
187 
1 09 
188 
167 

IIU e f f %  ef fTLr  effPdX P2 
17s b.2 33:s 
176 33.9 34.3 
!73 32.5 33.1 
176 32.R 33.1 
175 32.7 33.1 
174 3 . 8  33.3 
174 31.7 32.1 
176 32.4 32.6 
176 32,7 33.0 
174 32.3 32.5 
in 33.2 u.8 
in 2 . 4  32.9 
389 3 6 . 0  36.2 
395 37.5 37.4 
394 39.1 5p ! 
394 38.1 3881 
395 30.1 38.1 
392 37.9 37.9 
444 38 .0  37.1 
613 38.0 37.1 
611 38.1 57.3 
619 39.6 37.0 
543 38.6 38.1 
541 38.9 38.3 
542 38.9 3 . 1  
540 39*3 58,s 
545 39.2 38.5 
543 39.0 
542 39.0 38.4 
545 38,b 38.0 
557 37.7 37.2 
541 37.7 37.2 
539 37.8 37.3 
540 38.1 37.6 
533 35.5 35.1 
533 34 0 33.5 
532 42.0 41.3 
181 33.1 33.1 
I04 M,? 34.5 
184 33.2 33,s 
181 33.2 33.5 
69 24.1 24,s 
68 23.7 24.1 
71 24,6 25,O 
69 24.9 25 .4  
68 26.3 26.8 

3Sll 11.6 
55.5 11.6 
33.6 11.4 
33.9 11.7 
33.7 11.b 
33.9 11.7 
32.4 11.4 
33.1 11.6 
1.1 11.6 
0.0  11.7 
001 11.5 
0.8 11.6 
0.1 11.9 
0.0  17.0 
1.1 12.0 
0.0  12.0 
0 . 0  12.0 
0.0  12.0 
0 , l  12.4 
1.0 11.9 
0.1 12.3 

0 . 0  12.3 
0.1 12.2 
1.1 12.3 
0.1 12,2 
1.t 12.2 
0 , I  12.2 
0.1 12,l 
0.1 12,1 
1.1 11.9 
0.0  11.9 
1.1 11.9 
8 . 0  12.0 
0.1 (1.7 
0 , o  l1,B 
0.1 11.8 
9 . 0  11.7 
0.1 t1,9 
0.1 11.5 
0 . 0  11.5 
0.0 11.9 
0 . 0  l l , ?  
0 . 0  l i .8  
o n e  11,8 
0.0  11.8 

0 . 0  i3.e 

mrX e f f  :E/C 
56 1.12 
51 $87 
3s 1.00 
36 0.99 
29 1.81 
27 1.83 
26 1,00 
20 1.01 
31 1.00 
27 i .01 
37 1.10 
38 0 0 9 9  
38 0.95 
40 0.99 
41 1.13 
48 1.02 
50 1.02 
51 1.01 
31 0.99  
54 0.96 
52 0.95 
52 0.97 
45 0.99  
51 1.81 
52 1.01 
52 1,Ot 
51 le11 
S I  1.01 
so 1.01 
51 i.01 
38 1.10 
39 9.99 

37 1.11 
36 1.96 
31 8 - 9 5  
92 loll 
27 1.02 
JS 1.03 
31 1.11 
31 l* l l  
25 0,93 
62 0 .92  
48 0.98 
45 1.01 
62 1 - 0 4  

38 i . eo  

7-17 



Table 7-4. (Cont’d) 

rou w e  Run Set MTE TINE PI ul H i  kYs/kN 
134 261 i i  a 11/06 i~:oi348 ia.7 7 3 380.6 2.05 
135 262 11 0 !i/06 19:04:06 148.4 b.1 380.9 1.96 
136 263 11 0 11/06 19:14:06 133.8 7.0 380.8 1.97 
Low Pressure  Tr im:  Performance Survey 
!37 269 12 75 l l l i l  i3:23:17 188.5 3.8 389.3 3.30 
138 272 12 0 11/11 t3:25:38 182.4 4 , l  389.2 3.29 
139 275 12 74 l l i l l  13:39:32 113.5 8,3 379.7 3,;l 
140 278 I? I 11/11 t3:41:26 112.3 8.4 313.9 3.27 
!41 281 12 75 11/11 14:05:54 185.7 15.0 474.2 5.98 
142 b i2 76 11/11 14:?3:44 184.7 16.2 444,l 5-15 
143 9 12 1 Wll 14:41:28 179.4 23.6 545.3 8.72 
‘‘4 12 12 77 11/11 14:5!:59 189.0 26.0 568.8 8.86 
145 22 l? 79 11/11 15:12:20 103.6 29.3 559.9 8-41  
146 27 13 81 11/13 13:16:17 162.6 14.2 457.4 5.65 
147 30 13 0 11/13 13:lb:SV 163.0 13.8 454.4 5.62 
148 33 t3 a1 l t / t j  13:20:39 149.4 14.7 4S.7 5.54 
149 36 13 0 11/13 14:17:04 155.1 1 4 . 9  459.9 5.52 
150 39 13 82 11/13 1i:iJ:lB 144.2 30.4 589.4 9.22 
151 47 13 83 11/13 15:14:26 144.3 30.0 585.9 ?.14 
152 Y 13 a4 i i ~  is:32a 179.3 17.6 494.4 6.69 
153 30 13 0 lii1Z 13:16:59 163.1 13.8 454.4 5.62 
1980 F e x i c o :  Endurance T e s t i n g  ( C o n t i w e d )  
154 40 0 21 07/29 8:41:10 185.4 ?3.9 SS1.7 8.91 
155 4: 0 22 87/28 17:01:05 183.0 R.8 54t.4 8-70 
156 4; 0 23 07/20 17:02:Qt 183.8 22.9 542.3 8,68 
lS1 43 0 24 07/28 17:55:34 183.6 22.8 541-8 8.71 
158 44 0 25 87/28 18:47:18 186.4 22.9 543.1 8.74 
159 45 0 26 07/28 19:39:02 187.1 22.9 544.0 8,80 
160 46 0 27 07/28 21:11:59 189.1 23.1 546.3 8.83 
161 47 0 28 07/28 21:20:34 189.8 23.2 546,B 8.82 
lb;! 48 0 29 01/29 5:05:44 108.1 23.5 549.4 8.91 
1b3 49 0 30 07/29 5:46:54 180.6 22.5 5f7.7 8.59 
Performance Survey 
164 50 0 31 07/29 7:34:57 VS.8 13.9 418,8 4.30 
165 51 0 32 07/29 8:14:58 W,6 16.7 446.2 5.47 
166 52 0 33 01/29 8:26:16 98.8 16.9 447.4 5,46 
167 58 0 34 17/29 8:27:1b 1111.9 16,4 445.1 5 .41  
168 63 0 35 07/29 9:24:46 140.8 10.9 420,O 4.33 
169 69 0 36 07/29 9:?5:55 142.5 10.6 4t8.5 4.34 
170 14 0 3t 07/29 9:26:55 140, l  10.8 418.3 4.34 
171 15 0 38 07/29 1!!:18:13 149.3 11.6  4??,8 6.69 

173 36 0 40 07/29 IO:?O:Jb 133.6 17.6 4n.7 6.68 
174 87 0 41 07/29 11:55:45 178.1 15,O 473.1 6.69 

172 81 o 39 07/29 it:iv:iv 139.8 16.0 471.3 6.61 

kyS 
108 
i61 
102 

r%3 
564 
556 
552 
551 
530 
543 
su 
n8 
893 
813 
836 
728 
847 
847 

1059 
“03 

997 
910 
909 
91 1 
911 
914 
913 
919 
Vi 1 
91 1 

306 
427 
427 
427 
303 
303 
303 
559 
559 
559 
SSP 

kY e f f X  effT2X effPdX P2 
69 26.7 27.2 
bZ 3 . 4  24.9 
b3 25.2 z.8 

518 41.7 41.5 
518 40.8 39.1 
510 46.3 45.3 
596 45.6 45.2 
505 42.9 43.6 
485 59.4 SP.4 
498 48.7 48.8 
508 45,s 45.3 
492 53.9 53.6 
752 46.6 45.9 
752 47.0 42.6 
784 47.4 46.5 
678 42.5 37.5 
7n 49,v 47.8 
795 50.9 47,v 
1002 46.2 45.2 
752 47.0 42.6 

e54 54.7 54.2 
8 9  55.4 54-9 
856 55.2 54.7 
857 55,3 54.8 
857 55.0 54.4 
361 55.2 5498 
861 54.9 54.4 
857 54.6 54.1 
858 54.8 54.3 
857 5509 55.4 

264 56.6 56.8 
383 62.0 62.0 
383 61.7 61.7 
584 61.9 6 2 , O  
262 50,O 59.1 
262 50.3 50.4 
262 50,6 50.8 
513 58.3 58.2 
513 59.3 58.3 
513 58.3 58.: 
51’1 55.7 5 5 , s  

0.0 11.9 
0.1 11,s 
0.0 11.8 

42.1 i2.6 
41.2 l?,O 
48.1 13.0 
47.5 12.7 
44 ,o  11.7 
52.7 12,2 
58.2 12.: 
46#8 12.3 
56.7 12.3 
t 7 , \  12.7 
48.7 12.7 
49.2 12.8 
42.8 10.8 
Si.? 13.3 
R.4 14.0 
47,s 12.9 
48,7 12.7 

0.1 15.9 
0 . 0  (5.8 
0.0 15.8 
0.0 lS.8 
0 . 0  1S.8 
0.0 15.8 
8.1 15.9 
0.0 15.8 
8 . 0  15.9 
0 .0  15.9 

O,b 14.8 
0.0 t5.0 
0.0 lS#O 
0 .0  15.0 
0 . 0  14.8 
9 . 9  14.8 
0.1 14.8 
0 . 0  IS.! 
8 . 0  15*1  
0.1 t5*!  
1.1 15#2 

’I’ c, 

ThrX eff:E/C 
60 1.02 
52 0 . 9 9  
65 1.00 

36 8.95  
18 0.94 
98 0 96 
99 1.75 
29 1.02 

100 1 .05  
29 1.14 
27 1.07 

100 lSl2 
72 0.99 
71 1.08 

190 0.98 
65 9.94 

100 1.02 
18) 1.03 
100 0.96 
71 1.09 

56 1.12‘ 
59 1.13 
59 1.13 
59 i813 
st 1.i3 
56 1.13 
SI 1.13 
54 1.12 
54 1,13 
60 1.14 

53 1.37 
74 1.35 
75 1.34 
R 1.35 
27 1.27 
26 1,28 
27 1.28 
49 1.23 
49 1-25 
St 1.25 
32 1.23 
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Table 7-4. (Cont 'd)  

r w  aye Run Set DATE TIN PI Oi H i  kYs/kN 
175 95 0 42 67/29 !0:56:52 181.1 15.3 4?6.2 6.75 
1Tb 98 0 43 87/29 10:57:50 170.1 ISo? 478.9 b*b9 
177 6 0 72 88A5 13:44:33 140.9 25.5 516.9 8.23 
i78 9 0 73 08/15 13:45:59 142.9 3 . 0  543.5 8.24 
179 12 0 74 08/15 13:47:11 141.2 25.4 545.5 b.24 
181 13 0 75 08/15 13:W:ZU 141-1 25.6 547.5 8.27 
181 14 0 76 08/15 13:54:03 140.5 25#7 547,8 8.28 
182 15 0 77 18/15 14:22:42 176.1 27.2 576.3 9.33 
183 21 8 78 08/15 14:24:03 175.3 27.6 579.5 9.34 
184 21 0 79 P8/15 14:25:01 174.7 27.3 576.1 9.33 
Elevated Eackpressure P2 
185 36 0 83 09/09 0.OO:OO 96.4 2b6.3 529.6 4.49 
106 42 0 84 98/18 12:56:13 97.5 2Sd7 524,9 4.43 
107 I? D 85 08/18 12:57:22 t6.B 26.1 528.2 4.48 
lw3 43 0 86 08/18 13:19:12 1Ba4 31,5 S89,l SoB8 
189 54 0 87 18/18 13:20:1b 139.2 30,4 488.2 5.88 
i90 59 0 83 18/13 13:21:21 140.5 30.3 588.1 5.89 
191 60 0 09 08/18 13:45:05 17S.3 27.5 578.1 5*59 
192 66 0 90 98/18 13:46:11 15.3 27.5 577.9 5,bl 
f93 71 0 91 08/18 13:58:56 1?4,9 27.4 576,8 5.58 
4000 r p ,  P2 Atnospheric 
194 81 0 95 98/27 16:17:55 9?.S 26.6 533.4 3.78 
195 87 0 96 08/27 10:19:,i9 99.1 2 7 . P  538.1 3,81 
196 92 0 97 18/27 10:21:54 97.8 26,8 535.6 3,81 
lo7 93 0 98 08/27 10:44:43 142.3 24.0 534,3 3.85 
198 99 0 99 18/27 1O:kll 142.9 24.1 534.9 3,M 
199 104 0 100 08/27 10:47:48 143.0 23.9 533.5 3-86 
200 105 0 101 08/27 11:24:19. fn.0 25.0 564.8 4.45 
201 111 0 112 08/27 11:25:46 176.8 25.9 U 5 . 5  4.46 
202 it6 0 103 08/27 11:26:51 !75.6 25.9 565.3 4.46 
11000 rpn. P2 Normal 

205 134 0 107 08/28 9:42:57 98.8 3 . 7  481.2 5.08 
296 135 0 108 09/20 7:57:57 iO2.1 6.2 23.5 6.91 
207 141 0 109 08/28 9:59:34 112.f 25,4 526.0 6.97 
218 146 0 119 08/28 10:00.45 101,8 25.2 S23,9 6-95 
209 147 0 11! 08/28 10:23:12 137.6 20.0 496.9 5,42 
21U 153 0 112 88/28 10:24:?7 138.5 20.4 591.3 S.40 
211 158 0 113 08/28 10:26:00 137,3 20.5 501,b 5.38 
212 159 P 114 08/28 19:41:36 140,3 26.5 SSS,4 7.69 
213 It7 0 115 08/28 18:43:21 138.9 26,9 557.7 7.72 
E14 l7f 0 l t6  08/28 10:44:57 141.3 ?b.t 55b.7 7.71 

203 120 o 105 08/a 9 : 4 ~  99.2 29.8 482.9 5.04 
204 la # 116 od/28 9:41:31 97.7 20.9 483.0 5,OS 

k Y r  
559 
561 
699 
697 
697 
697 
697 
91 0 
910 
910 

262 
262 
262 
429 
429 
430 
518 
518 
518 

254 
254 
254 
332 
332 
332 
445 
445 
445 

304 
314 
314 
472 
473 
471 
314 
314 
314 
552 
552 
551 

LY e f f Z  e f f T Z  effPd:. P2 - 

513 55.2 55.1 
514 54.3 54 .0  
649 55.8 '5.6 
649 55.7 3 . 7  
b4a 55.9 55.7 
109 55.6 55.4 
649 55.6 55.5 
857 53.8 53.4 

857 54.0 53.5 
e57 53.4 s3.0 

219 51.2 5!.0 
219 51.1 51.8 
219 51.1 50.9 
381 u.1 52,9 
384 52.6 52.8 
384 S2.9 52.8 
471 S3.l 52.8 
471 53.i 52.9 
471 53#4 53.0 

211 42.2 42.3 
211 4 f . 3  41.6 
211 42.2 42.3 
288 41.5 41.5 
288 41,l 41.3 
2@ 41.5 41.6 
399 43.9 43.9 
399 44,3 44-1 
379 43,9 44.1 

211 48.6 4B.6 
261 48*9 49.0 
260 49,4 49.4 
426 57.0 56.9 
423 56.5 56,4 
4 8  57.2 57.1 
271 43.7 43,7 
271 42.7 42.7 
271 42#6 42.6 
514 59.2 51.1 
504 51.3 58.1 
503 50 0 49.9 

0.0 15-2 
0.1 15,3 
0.1 15.4 
0 .0  15,3 
1.1 15,4 
1.0 15.4 
1.0 1S,4 
0.0 iL,O 
0.0 16,O 
0.0 1L.l 

1.0 24.8 
0,1 24.8 
0,O 24.7 
0.1 32.2 
0.0 31.6 
0.1 32,l 
0.0 39.8 
0.1 39.6 
0.0 39.9 

1.1 24.8 
0.1 24.7 
0.1 24.9 
0.0 3?,1 
0,O 31.9 
8 . 0  32.1 
0.0 39,6 
0.0 39.9 
0.1 39.3 

1.0 15.1 
0 0 0  15.0 
0.c 15.0 
0.1 15.2 
0.1 15,2 
0.0 45.2 
0.1 15.0 
0.0 15.0 
1.0 15.1 
0 . )  15.3 
9 . 0  15.4 
0.0 15.3 

mr% eff :E/C 
Jl 1.21 
32 1.19 
7! 1.14 
68 t.!4 
Ti 1.14 
71 1.13 
71 1.13 
67 l.8? 
69 1.08 
68 1 09 

72 1.26 
71 1.F 
70 1.25 
68 1.11 
67 1,11 
65 1.11 
61 1.04 
62 1014 
62 1,04 

75 1.9s 
73 1.13 
77 1.05 
60 0.95 
61 0.94 
59 0.95 
59 0.91 
59 0.92 
60 0.91 

55 1*18 
57 1.19 
56 1-28 
77 1,20 
77 1.19 
78 t.21 
35 i . i t  
M 1.07 
36 1.07 
50 1.50 
52 1.06 
S I  1.15 
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t o  the t e s t  s i tes.  The HSE e f f i c i e n c y  m u l t i p l i e d  by the r a t i o  kW/kWs gives the 
approximate mechanical e f f ic iency of  the power plant. 
corrects  kW for a l l  the p a r a s i t i c  e l e c t r i c a l  loads, and KWs f o r  the o i l  pump 
mounted on the gear box, i .e., approximately (kW-6)/( kWs+5.6). 
Section Y.E.) The power p lant  e f f i c l e n c y  was not presented i n  t h i s  report  
because superimposing the gear box and a l t e r n a t o r  e f f i c i e n c i e s  on the expander 
e f f i c i ency  tends t o  obscwe the l a t t e r ,  and no e f f o r t  was made t o  select  a high 
ef f ic iency gear box or a l ternator .  
e i t h e r  the HSE o r  the power p lant  because it i s  s i t e -spec i f i c  and par t  o f  an 
app l i ca t i on  analysis rather than o f  an expander evaluation. 

A more accurate m u l t i p l i e r  

(See 

The thermal e f f i c i e n c y  was not calculated f o r  

2. Corre la t ion 

The Utah e f f i c i e n c y  data were examined graphica l ly  f o r  a means of cor- 
r e l a t i o n  and-found t o  be a strong funct ion f w  o f  shaft  output power kWs and 
weak funct ions gp and 
respectively. Approximate co r re la t i on  equations were obtained by a t r i a l  and 
e r r o r  procedure. F i r s t  the data were p l o t t e d  versus a l l  o f  the d i f f e r e n t  t e s t  
parameters f o r  various groups o f  selected data, t n a t  i s ,  holding c e r t a i n  
operating parameters constant. From t h i s  work it became obvious t h a t  the 
expander e f f i c i e n c y  was p r i n c i p a l l y  a funct ion of  load. To invest igate t h e  
e f f e c t  o f  other parameters on machine e f f i c i ency ,  a mathematical expression for 
e f f i c i e n c y  versus shaft power was necessary. A simple and conven'ent 
expression fw which f i t s  the data i s :  

o f  pressure r a t i o  P1/P2 and i n l e t  q q a l i t y  Q1, 

fw(kWs) = -21.36 + 10.25 I n  kWs - 0.072 Cabs (kWs-520)] Oo6 (11 1 

P l o t t i n g  the r a t i o  o f  the experimental e f f i c i e n c y  9 t o  the e f f i c i e n c y  f(kWs) 
f o r  the various operating condi t ions showed tha t  the next most important para- 
meter a f f e c t i n g  machine e f f i c i e n c y  was the i n l e t  t o  o u t l e t  pressure r a t i o  Pl/P2. 
The next most important factor was the i n l e t  q u a l i t y  Q1. Consequently, it was 
concluded t h a t  the e f f i c i e n c y  i s  approximately a function of  the shaft power kWs, 
the pressure r a t i o  Pl/P2, and the q u a l i t y  01, t h a t  i s  the calculated e f f i c i e n c y  
TC i s  given by: 

77, = f(kWs, Pl/P2, Ql) (12)  

I n  general, any funct ion f o f  three var iab les X, Y ,  Z can be approximated by: 

where 
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and gy and gz are the corrections for  the less important variables, Y and Z. 
Consequently 

= fw(kUs) g~(Q1) gp(PW2)  (15) 

(or fW9Qgp as used Zn the data p lo ts  which follow). 

If these functions are correct then the calculated ef f ic iency I)c must equal 
the experimental e f f ic iency 9, or 

Tc ' 7 )  (16) 

and 

Therefore, solv ing Equation l? y ie lds  

and 

99 that 
Thus gp and g~ tan be obtained by f ind ing functions gp and 

f u l f i l l  the c r i t e r i a  o f  Equations 18 and 19 as well as Equation 1 restated as 
Equation 20: 

The functions gp, 9~ and fu normally would be found by solving Equations 
6, 7, and 8 slmvltaneously. To f i nd  the functions was re la t i ve l y  easy because 
the e f fec t  of Q1 and Pl/P2 i n  Equation 20 i s  weak and one iteration was con- 
sidered t o  be su f f i c ien t  and the e f fec t  o f  Q on Equation 18 f s  weak and was 
neg 1 ec t ed . 

Based on Equation 11 fo r  fw ,  

P1 * 1 - 0.0'19 (E - 15) 9P 

7-23 



and 

Using these values o f  gp and g ~ ,  a be t te r  funct ion f w  Should be 
ca lcu lated eventual ly. However, f u r t h e r  refinement of the data c o r r e l a t i o n  
hard ly  seems j u s t i f i e d  u n t i l  the leakage clearances i n  the expander are closed 
and t e s t  data f o r  a completed machine are avai lable.  

Confirmation o f  the corre la t ions can be checked by p l o t t i n g  the r a t i o  of 
experimental e f f i c i e n c y  div ided by co r re la t i on  e f f i c i e n c y  versus shaft output 
power (Figure 7-4) where a per fect  co r re la t i on  would def ine a l i n e  of r a t i o  
un i ty .  This r a t i o  3/9c i s  tabulated as E/C i n  Table 7-4. 

The c o r r e l a t i o n  funct ion fM(kWs) (see Equation 11) has two theo re t i ca l  

Second, as the load Climbs, a po int  w i l l  be 
l i m i t a t i o n s .  F i r s t ,  a t  zero load the machine e f f i c i e n c y  must be zero, and thus 
so must fW(uWs) but i t  i s  not. 
reached a t  which the f l u i d  leaves the expander underexpanded, and square card 
operation begins, A t  t h i s  po int  the expander e f f i c i e n c y  w i l l  begin t o  decrease 
w i t h  increasing load. Nonetheless, the co r re la t i on  funct ion i s  v a l i d  over the 
range used, f i r s t  because zero load data were not included i n  the corre la t ion,  
and second, because square card operation, i f  any, had not become s i g n i f i c a n t  a t  
the high end o f  the load range tested, 

3. I n t e r p r e t a t i o n  

The co r re la t i ons  permit the examination and i n t e r p r e t a t i o n  of the 
ef fects  of  the t e s t  variables. 
e f f i c i e n c y  i s  shown graphica l ly  i n  Figure 7-5 where the e f f i c i e n c y  correlated f o r  
output power and i n l e t  q u a l i t y  i s  p l o t t e d  as a funct ion of pressure ra t i o .  The 
e f f e c t  o f  pressure r a t i o  i s  defined by the slope o f  a l i n e  through the data which 
shows a decrease i n  the co r re la t i on  r a t i o ,  and thus a decrease in e f f i c i e n c y  as 
the pressure r a t i o  increases. This e f f e c t  has impl icat ions f o r  vacuum exhaust if 
the co r re la t i on  holds f o r  low exhaust pressure since i t  impl ies t h a t  i t  i s  
pressure r a t i o  and not pressure which i s  important. Experimental data are 
necessary t o  resolve the matter. It should be pointed out t ha t  leakage past the 
r o t o r s  i s  dependent on pressure r a t i o ,  so the e f f i c i e n c y  loss w i th  increasing 
pressure r a t i o  w i l l  diminish as the leakage diminishes. 

The e f f e c t  o f  pressure r a t i o  on the expander 

The e f fec t  o f  i n l e t  steam q u a l i t y  on machine e f f i c i e n c y  can be seen i n  
Figure 7-6 where e i f i c i e n c y ,  corre la ted f o r  the e f f i c i e n c y  funct ion f(W) and 
pressure r a t i o  function gp, i s  p l o t t e d  as a funct ion o f  i n l e t  steam qua l i t y .  
As stated above, the e f f e c t s  of  steam q u a l i t y  are small. 

7-24 



0 
(D 
0 

0 
N 

0 
rl 

** 4.. 
3 

0 
.-I m W N 

0 
e 
m 

0 
W m 

0 
0 
N 

0 
N 
rl 

.c 
V 

cc cc 
W 

.c 

U 
I 
h 

!! 
3 
0, 
.c 
L L  

7-25 



i*  
f :  

B 
5 
8 
0 

a *  

a* 
* *  

* 
e 

& *  

* 

0 
N 

N 0 
r( 4 m N 

7-26 



. .. .. . 
0 
N 

W 
r( 

8 

e 

8 

* *  

c 
a 

* 

. .... . 
N 0 
4 4 

0 
0 
r( 

W 
m 

ro 
I- 

t 
u) 

N 
yl 

0 
U 

W 
N 

w 
4 

1T 

m 
I 

7-27 



The importance o f  other t e s t  pzrameters on e f f i c i e n c y  can be examined by 
p l o t t i n g  the parameter o f  i n te res t  versus the r a t i o  q / ~  o r  q/fMgggp. 
Accordingly, the e f f e c t  o f  t h r o t t l e  opening i s  shown t o  be e s s e n t i a l l y  
nonexistent (Figure 7-7). The co r re la t i on  presented i n  Figure 7-8 f o r  the 
e f f e c t s  o f  f l u i d  throughput M i n  pounds per hour shows tha t  there i s  a small 
e f f e c t  which could be included i n  the analysis as another weak funct ion 91. 
This should be done i f  more work on the performance data analysis i s  done. 

While carry ing out the above corre la t ions,  i t  was discovered tha t  the 
co r re la t i on  was somewhat b e t t e r  i f  the f i r s t  t h i r t y - s i x  rows o f  Utah data were 
omitted. This could not be predicted by comparing Figure 7-2, i n  which the 
experimental e f f i c i e n c y  was p l o t t e d  versus shaft power f o r  a l l  o f  t h e  Utdh data, 
w i th  the s i m i l a r  Figure 7-9, from which the f i r s t  36 rows o f  data were excluded. 
However, a d i f ference can be seen between Figures 7-10 and 7-11, both corre la ted 
f o r  the e f f e c t s  of  pressure r a t i o  and i n l e t  qua l i t y ,  but wi th the f i r s t  36 rows 
o f  data included i n  Figure 7-11 and not i n  Figure 7-10. 
sca t te r  i n  the ea r l y  data may r e f l e c t  some of  the ea r l y  d i f f i c u l t i e s  wi th  process 
c m t r o l  p r i o r  t? r e v i s i p j  the procedure f o r  c o n t r o l l i n g  the l i q u i d  leve l  i n  the 
separator, especia l ly  L:tor t o  A p r i l  23, 1978. The omission o f  the f i r s t  36 rows 
o f  data from the determination of  the co r re la t i on  functions, as was done here, 
does not i nva l i da te  these data. Inspection o f  the resu l t s  shows merely tha t  
these data e x h i b i t  more scat ter ,  both above and below the corre la ted e f f i c i ency ,  
than do the l a t e r  Utah data. 

The s l i g h t l y  greater 

Figure 7-12 i s  the equivalent o f  Figure 7-10 except that  the e f f i c i e n c y  was 
based on the i n l e t  throat  pressure o r  Pd. The d i f ference shown by a com- 
parison o f  these two f iyures i s  smal PP . 

A p l o t  o f  correlated e f f i c i e n c y  dup l i ca t i ng  Figure 7-11 (except wi th  the 
3000-rpm 1980 Mexico data included) i s  presented i n  Figure 7-13. 
the raL io E/C i n  Table 7-4 show c l e a r l y  that  the Mexico data do not co r re la te  
w i th  the  Utah data and tha t  the HSE becomes a d i f f e r e n t ,  though s im i la r ,  machine 
when i t s  i n t e r i o r  dimensions are changed by scale deposits. 
changes, the co r re la t i on  funct ions must be revised. The power c o r r e l a t i o n  
fW(kWs), Equation 11, w i l l  change because o f  be t te r  u t i l i z a t i o n  of  working 
f l u i d  i n  the expansion process w i t h i n  the machine. 
t i o n  gp, Equation 21, w i l l  a lso change becauie the leakage past the ro to rs  
varies w i t h  pressure r a t i o .  

This f i g u r e  and 

As the machine 

The pressure r a t i o  corre la-  

C. SUMMARY OF TEST RESULTS 

1. Machine E f f i c i e n c y  

The machine e f f i c i e n c y  a t  3000-rpm male r o t o r  speed was demonstrated t o  
be reasonably f l a t  over a broad range o f  t e s t  condit ions a t  shaft  loads above 240 
kW. A maximum e f f i c i e n c y  of  53.9% was achieved i n  the l j tah t e s t i n g  under a l l  
t e s t  condi t ions w i th  the ro to rs  and case i n t e r i o r  subs tan t i a l l y  free of scale. 
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Yi th  p a r t i a l  scal ing acconplished during the 1980 t es t i ng  i n  Mexico, the maximum 
demonstrated ef f iL iency increased t o  62.0%, inc luding 1981. The e f f i c i ency  
increased wi th  increasing load, and decreased wi th  increasing pressure rat io.  
The machine performance was s l i g h t l y  sensi t ive t o  steam fract ion i n  the i n l e t  
f lu id ,  and was insensi t ive t o  f l u i d  throughput and independent of t h r o t t l e  posi- 
t ion.  These relat ionships are exhibited i n  Figures 7-2 and 7-4 through 7-11. 

2. Operating Characteri . t i c s  

The most notable charo t e r i s t i c  was smoothness of operation of the 
expander and the en t i re  dr ive t r a i n  under a l l  operating conditions. 
stopping were normally mooth and trouble-free. The effects of scale deposits 
w i th in  the expander, and the resul t ing loss of ro to r  clearances on the stopping 
and s t a r t i n g  requirements f o r  t h i s  machine, remain t o  be determined. A high 
noise level  o f  106 db exhibited by the power plant during the 1978 t es t i ng  was 
diagnosed as coming predominately from the cool ing fan i t  '+e alternator, 
resul t ing i n  the need f o r  ear protect ion and a noise w' l ing sign. The cool ing 
fan was replaced with a quieter model and shrouded i n  areparation for the 1979 
test ing. The peak ooise level i n  the hearing space near the plant was reduced, 
leaving the power plant s t i l l  noisy but permit t ing removal o f  the noise warning 
sign and making ear protection optional. 
was graphical ly confirmed v3en two v i s i t o r s  chose t o  s i t  on the base of the power 
plant near the expander f o r  a casual conversation during the test ing i n  1979. 

Start ing and 

Success of the noise abatement e f f o r t s  

The expander ana governor were sensi t ive t o  unsteady feed conditions, e i ther  
of pressure or steam fract ion, especial ly a t  low load and p a r t i a l  t h r J t t l e .  
A problem cf i n s t a b i l i t y  during the f i r s t  part of the I978 tests  was caused by 
steam i n  the l i q u i d  l i n e  from the separator, resul t ing from unsatisfactory leve l  
control. This problem was eliminated by revis ion of  the method of  level control 
and improvements i n  the feed piping such as the use o f  correct spool sizes and 
passive mixers. Thi, i s  discusbed i n  Section V.C.6. These d i f f i c u l t i e s  can be 
considered as ar is ing external t o  the expander. The expander adjusted t o  widely 
varying pressure and feed qua l i t y  provided the feed was homogeneous, and the 
var iat ions were not abrtipt. With sui table feed, the speed regulat ion was 
t y p i c a l l y  i0.5 Hertz or better, md varied slowly. 

A water hamner wi th in  the expander i n l e t  zone under conditions of low i n l e t  
q u a l i t y  and smal l  t h r o t t l e  opening, observed during the 1978 tests, was t o t a l l y  
eliminated by design improvements af the t h r o t t l e  valve by HPC during the machine 
overhaul p r i o r  t o  the 1379 tests. 

The ef fects  o f  speed and vacuum exhaur.t on performance were not determined. 
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3. Equipment Durabi 1 i t y  

A t o t a l  running t i n e  of  442 hours was recorded on tAe elapsed time meter 
on the power plant during t h i s  Project. This i s  time during which the a l ternator  
uas excited. The f i r s t  5 hours resulted from t es t i ng  on a i r  i n  1977 p r i o r  t o  
going t o  the f ie ld .  The next 337 hours were logged i n  the 1978 t es t i ng  i n  Utah, 
o f  which 182 were m - s t o p ,  and the remaining 100 hours were logged during the 
1979 t es t i ng  i n  Utah. The resul ts o f  the more prolonged test ing i n  Mexico, 
br inging the t o t a l  operating t i m e  t o  1,543 hours, are not discussed here. 

Equipment fa i l u res  occurred i n  the governor system and i n  the shaft seals, 
both during the pre-del iverf t es t i ng  on a i r  i n  1977 and during the f l u i d  test ing 
i n  1978. Hinor but persistent functional fa i lures occured i n  the hydraul ic 
system associated wi th  the safety shutdown of the power plant. 

a. Governor Failures. The governor fa i l u res  resulted fran inadequate 
compliance i n  the coupling o f  the governor t o  the expander ro tor  shaft uhich 
drives it. 
shaft i n  i t s  large bearings as compared wi th  the small governor shaft and bear- 
ings. 
and was a t t r i bu ted  t o  dimensional changes o f  the expander housing caused by 
thermal expansion because of  the hot geothermal f lu ids.  
the problem. 

I n i t i a l l y ,  allowance was not made f o r  the rad ia l  motion of  the r o t o r  

The f a i l u r e  i n  the f i e l d  occurred wi th in  the f i r s t  few minutes of  t e s t i n g  

The second repair  solved 

b. Shaft Seal Failures. The shaft seals were i n i t i a l l y  oil-backed, 
segmented carbon assemblies wi th  hardened sleeves over the rotor  shafts. Two 
fa i l u res  occurred during the accepted tes t i ng  on a i r  i n  1977 and were a t t r i bu ted  
t o  excessive heating by redundant seals, and t o  inadequate clearances between the 
sleeves and the seal retainers. The inadequate clearances were increased t o  
a l l o w  f o r  thermal expansion of the sleeves, and some of the seal assemblies were 
omitted t o  reduce the heating wi th  good results. During f i e l d  tes t i ng  i n  1978, 
two addi t ional  problems occurred. F i r s t ,  pu1sal:ng pressure on the seal assemb- 
l i e s  from the geothermal f l u i d s  unseated the carbon segments. D i r t  or  x a l e  
evident ly got under some of the sealing faces and allowed excessive 1eakdp of 
the o i l .  Twice, the sleeve a t  the low pressure end of  the male rotor  cracked. 
The cracks allowed excessive leakage o f  oi: past the seals and i n t o  the r o t o r  
area. Operation was continued by introducing a i r  as a buf fer  i n t o  the seal 
assemblies a t  the high pressure end of  the machine t o  a l l ev ia te  the leakage. 
second such sleeve f a i l u r e  occuved ear ly May 30, 1978, terminating the tes t  run 
one da.y before the scheduled shutdown of the well. 
the exact f a i l u r e  mode was not determined. 
the expander i n  preparation f o r  the 1979 test ing, the shaft seals and seal 
assemblies were redesigned. No subsequent seal d i f f i c u l t i e s  were experienced. 

The 

;W f a i l u r e  was analyzed, but 
As part o f  the repair  and overhaul of 

c. H draul ic  System Failure. The hydraulic system associated c i t h  the  
safety shutdown + o t e power plant includes two pilot-operated solenoid valves 
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connected t o  a hydraulic/pneumatic actuator on a gate valve. On numerous 
occasions a t  a l l  t e s t  s i t es  the solenoid valves f a i l e d  t o  close, prevect ing the  
arming o f  the s h u t d m  system and the s t a r t i n g  o f  the plant. The problem i n  most 
cases resul ted from d i r t  i n  the system. 

0. CONCLUSIONS 

This repor t  presents very r e l i a b l e  data o f  the t e s t i n g  o f  an unf in ished HSE 
having i n te rna l  clearances which permitted serious leakage past the rotors. The 
average e f f i c i e n c y  o f  the machine, as tested i n  t h i s  Pro ject ,  was approximately 
45%, whereas e f f i c i enc ies  as high as 629b were subsequently demonstrated by the  
machine when scale deposits w i t h i n  the machine p a r t l y  f i l l e d  the leakage clear-  
ances. The Pro ject  object ives o f  measuring the performdnce cha rac te r i s t i cs  and 
the  e f f i c i ency  a t ta inab le  by the HSE were not determined and w i l l  not be Q te r -  
mined u n t i l  scale deposits, or some other means such as fab r i ca i ton  changes, 
c lose the clearances. Other conLlusions are l i s t e d  below: 

(1) The e f f e c t s  o f  drag on the s t a r t i n g  and stopping cha rac te r i s t i cs  o f  the 
machine and on e f f i c i e n c y  which w i l l  u l t i m a t e l y  r e s u l t  from scale 
deposits w i t h i n  the machine have not been deteniined. Unless the drag 
losses are known, the p red ic t i on  o f  e f f i c i e n c y  gain due t o  the c los ing 
of leakage clearances i s  speculative. I f  the drag losses are small i t  
i s  conceivable tha t  the e f f i c i e n c y  might reach or  exceed 70% under 
c ~ .  r t a i n  operating condi t i ons. 

(2) The optimum speed o f  the ro to rs  has not been de te rm ivd  for any 
operat ing condit ion. 

(3) The tolerance o f  the HSE expander t o  geothermal brines, and the insen- 
s i t i v i t y  o f  the machine e f f i c i e n c y  t o  steam f r a c t i o n  i n  the feed, imply 
the f e a s i b i l i t y  o f  i t s  broad appl icat ion i n  l iquid-dominated geothermal 
f i e l d  service, inc lud ing appl icat ion t o  pumped non-f lashing wel ls or t o  
waste l i q u i d  from separators. 

( 4 )  The dependence o f  machine e f f i c i e n c y  on pressure r a t i o  fo r  exhaust 
pressures over the range 11.4 psia t o  33.2 psia, shown i n  Figure 7-5, 
supports the hypothesis tha t  the normal benef i ts  of  expansion t o  vacuum 
can be rea l ized f o r  t h i s  machine a t  exhaust pressures wel l  below 11.4 
psia. This must be examined experimentally. As the clearances within 
the machine are reduced, the dependence o f  e f f i c i e n c y  on pressure r a t i o  
can be expected tci decrease, thus strengthening the case f o r  condensing 
operation. 

(5) The design improvements and repai rs  made t o  the HSE power p lant  i n  the 
course o f  t h i s  Project  were scccessfdl. The need rema'ns f o r  addi- 
t i o n a l  improvement i n  the governor control  systev t o  accomnodate the 

7- 38 



sudden loss of a large load, or of small loads a t  high feed pressure 
and rap id ly  changing feed conditions. 

(6) Many more hours of  operation w i l l  be required before the du rab i l i t y  of 
the machine i s  known. Results t o  date are favorable. 

(7 )  The automatic safety shutdown system af fords the power plant good 
protect ion against the fau l t s  which are monitored. 

(8) The 1-Mw size o f  the power plant increased the cost and fo rmidab i l i t y  
o f  t h i s  Project vis-a-vis a smaller power plant, but provided the 
desired tes t  c r e d i b i l i t y  which might have been lacking otherwise. 

(9) The design, development and use of a computer-controlled on-line data 
system great ly  enhanced the versat i  1 i t y  and y i e l d  r?f the tes t  program 
and met 'Jr exceeded a l l  o f  the tes t  design goals. 

(10) The tes t  array approach, featuring a tes t  system which could be eas i l y  
moved and reassembled i n  a funct ional ly  reproducible arrangement, 
proved t o  be very satisfactory. 

E. RECOMMENDATIONS 

The fol lowing recomnendations are made by JPL: 

(1) The e f f i c iency  o f  the HSE should be measured, and the performance 
characterized under scale-forming conditions wi th the rotors  and case 
i n t e r i o r  coated wi th  scale t o  t h e i r  f in ished aimensions. 

(2 )  Under the conditions of  (1) above, the e f fec ts  o f  speed on the e f f ' -  
ciency and performance character is t ics  of  the HSE should be measured. 
( A  few preliminary tests  a t  4000-rpm male ro to r  speed, but without the 
f in ished expander dimensions, were conducted by CFE i n  Mexico i n  1980, 
but the resui ts  are not discussed i n  t h i s  report.) 

3)  Under the conditions o f  (1) above, the ef fects on the eff iciency and 
performance character is t ics  o f  the HSE should be measured, especial 11 
including vacuum exhaust. 
pressure, but without f in ished expander dimensions, were conducted by 
CFE i n  Mexico i n  1981, but the resul ts  are not discussed i n  t h i s  
report. ) 

(A few prel iminary tests  a t  reduced back 
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(4) Many h0NS should be logged, under the condit ions of ( I )  above, t o  
determine the endurance of t he  HSE i n  general and the wear character is-  
t i c s  o f  the scale-abrading surfaces. 

( 5 )  A jack ing motor should be i n s t a l l e d  on the HSE t o  tu rn  the r o t o r s  
slowly dur ing warm-up and cool-down t o  avoid r o t o r  contact caused by 
thermal d i s t r i b u t i o n  and t o  avoid seiz ing o f  the ro to rs  due t o  scale 
dur ing start-up or  shutdown o f  the power plant. 
ment was i n s t a l l e d  i n  Mexico.) 

(The necessary equip- 

(6) A c e n t r i f u g a l  water /o i l  separator should be i n s t a l l e d  i n  the o i l  r e tu rn  
l i n e  from the shaft seal assemblies t o  renove f l u s h  water from the 
r e c i r c u l a t i n g  o i l .  (The necessary equipment and was i n s t a l l e d  i n  
Mexico. ) 

(7 )  A mul t is tage cen t r i f uga l  pump should be i n s t a l l e d  i n  the f l ush  water 
supply t o  the shaft seals t o  replace the four piston-type metering 
pumps which were used w i th  the new seal assemblies i n  1979. Pulsat ion 
CPorn the metering pumps tended t o  unseat the seals despite pulse 

.mpers i n s t a l l e d  between the pumps and seals. (The necessary equip- 
,;ent was i n s t a l l e d  i n  Mexico.) 

(8) 3-11 carbon steel  parts i n  the shaft  seal f l ush  water system should be 
rerlaced w i th  s ta in less steel .  

( 0 )  i h e  hydraul ic system f o r  the automatic stop valve should be cleaned t o  
stop a ser ies o f  minor problems which have been caused by d i r t .  

(10) The 24-Volt e l e c t r i c a l  system f o r  f a u l t  protect ion of the HSE power 
p lan t  should be i so la ted  i n  i t s  own enclosure as much as possible. 

(11) The next HSE power p lant  should have i t s  own f a u l t  recorder t o  show 
f i r s t  f a u l t .  

(12) The next HSE power p lan t  should have removable wheels, axles, and other 
accessories f o r  the main base t o  permit towing i t  from place t o  place 
without the need of a crane or f la tbed truck. 
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The fo l l ow ing  recornendations were by HPC (Ref. 5 ) :  

(13) The next HSE power p lant  should be assembled on a longer and wider base 
f o r  easier equipment access f o r  serv ic ing and maintenance. 

(14) The supply pipe t o  the HSE should be welded t o  the base, ra ther  than 
bolted, t o  be t te r  protect  the alignment o f  the HSE from mvement of  the 
supply pipe from the f i e l d .  

(15)  The hydraulic/pneumatic actuator on the automatic stop valve should be 
posi t ioned v e r t i c a l l y  t o  prevent the loss of compressed ni t roqen past 
the piston. 

(16) The hyraulic/pneumatic actuator un the automatic stop valve should have 
an adjustable stroke cushion t o  reduce mechanical stresses on the main 
d r i v e  t r a i n  during f a u l t  shutdown. 

(17)  An e l e c t r i c  pump should replace the hand pump f o r  p lant  start-up. 

(18) Addi t ional  inspect ion por ts  should be b u i l t  i n t o  the prime mover 
housing f o r  r o t o r  inspection. 

(19) Improvemer,ts should be made t o  the governor control  system t o  provide 
stable p lant  operation f o r  unstable i n l e t  pressures, steam f rac t i on  o r  
e l e c t r i c a l  load. 

(20) Provis ion f o r  addi t ional  cool ing capacity should be incorporated i n t o  
the lube o i l  consoie f o r  use i n  hot desert environments. 

(21)  The capacity o f  the lube o i l  reservo i r  shoitld be increased t o  accomo- 
date prolonged loss due t o  nominal shaft seal leakage. 

(22) A hydrogen s u l f i d e  removal >ystem should be i n s t a l l e d  :,, a l l  e1ectr'-a1 
enclosures. 
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SECTION \'I I I 

IEA PROGRAMME PLANNING SUPPORT 

The DOE/DGE, as a member o f  the IEA,  agreed t o  p a r t i c i p a t e  i n  a program csf 

The 

research, development and demonstration on geothermal equipment. The decis ion by 
DOE/DGE i n  the spr ing o f  1978 t o  terminate t h i s  p r o j s c t  carr ied w i th  i t  the ob l i -  
gat ion t o  o f f e r  t o  other member countr ies the opportuni ty t o  t e s t  t h e  HSE. 
o f f e r  was promptly accepted by member and non-member countries. An implementing 
agreement was then signed by DOE/DGE f o r  t he  Uni ted States, CFE f o r  non-member 
Mexico, ENEL f o r  I t a l y  and MWD f o r  New Zealand. 
delayed i n  order t o  overhaul t he  HSE t o  correct  the shaft  seal f a i l u r e  and t o  
conf i rm the adequacy o f  the overhaul so tha t  the I E A  Test Programne could pro- 
ceed. 

Terminaton o f  t h i s  p ro jec t  WGS 

During the per iod of overhaul and t e s t  a c t i v i t i e s  i n  Utah, t h i s  Pro ject  
provided planning support f o r  t he  IEA Programne. 
conducting t e s t  demonstrations and t r a i n i n g  sessions i n  Utah, at tending planning 
meetings w i t h  P r o g r a m  par t i c i pan ts  i n  Washington, 'I.C., and a s s i s t i n g  CFE w i t h  
planning f o r  the t e s t i n g  a t  Cerro Pr ie to,  Mexico. 
prepared by JPL for  d i s t r i b u t i o n  by DOE/DGE t o  other par t ic ipants ,  and JPL 
prepared and d i s t r i b u t e d  a ser ies o f  planning and descr ip t ive memoranda. 

This support included 

Test process l i t e r a t u r e  was 

qepresentatives o f  Mexico, I t a l y ,  New Zealand, Turkey, Sweden and Germany 
attended the t e s t  demonstrations, and s t a f f  members o f  CFE attended the t r a i n i n g  
sessions. The major pa r t  o f  the planning support was f o r  t9e t e s t i n g  i n  Mexico, 
because t e s t i n g  was t o  take place there f i r s t .  This support included copies o f  
computer programs undergoing development i n  Utah, preparation o f  process designs 
compatible wi th  CFE t e s t  object ives,  process equipment l i s t s ,  and an analysis and 
recomnendations concerning the use o f  candidate we1 i s .  

CFE proposed using e i t h e r  Well M - 1 1  or  M-114 and submitted the production 
cha rac te r i s t i cs  t o  JPL f o r  review. The data f o r  Well M-11 are presented i n  
Table 8-1 and graphica l ly  i n  Figure 8-1; data f o r  Well M-114 are presented i n  
Table 8-2. CFE desired t o  use M - 1 1  because it was o ld  and known t o  be stable. 
It had a t o t a l  production o f  about 51 tons per hour, versus 257 tons per hour for 
M-114, and therefore i t  was less important t o  the main power plants. 

For the operating points o f  Tables 8-1 and 8-2, the shaft output power was 
calculated fo r  an expander assumed t o  have 50% e f f i c i e n c y  and an adequate s i ze  
for  four assumed modes o f  operation, namely, using the t o t a l  production, or  using 
the water only, f o r  exhaust pressures o f  14.7 psia and 3.0 psia. 
r e s u l t s  and other relevant data were added t o  these tables i n  the blank spaces, 
w i th  the operating points  keyed t o  the o r i g i n a l  data by row number (Tables 8- la  
and 9-2a). 
points,  but that  Well M-11 cannot. However, the output power was considered t o  

The ca lcu lated 

These resu l t s  show tha t  Well M-114 can produce 1 MW f o r  a l l  operating 
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be adequate f o r  two-phase, noncondensing t e s t i n g  t o  j u s t i f y  using * * P  smaller 
wel l .  Moreover, t h i s  wel l  was closer LO a lagoon which represented a possible 
source o f  cool ing water for the condensing operation. 
computer program used i n  these ca lcu lat ions produced a small e r ro r  i n  the 
resul ts ,  but  the resu l t s  were adequate f o r  design purposes. :!oreover, the 
production o f  Well M-11 was measured again and was found t o  have changed 
somewhat. 

It was found tha t  the 

The calculated r w l t s  from Table 8-la were p l o t t e d  i n  Fiaure 8-1, and are 
presented i n  Figure 0 - O . a  as Test Opportunity Curves. For t h i s  pu;pse, shaft  
output power i n  bl, its o f  100 kW and steam q u a l i t y  i n  % have bee;. added t o  the 
ordinate. The vapor, liquid and ccmbined f l o w  rates for  the o r ig ina?  data p o i n t s  
and f o r  the ,o in ts  i n  Figure 3-la which are of  i n te res t  i n  condensir:. - s t i ng  
hav See,, ad,'td for  presentation i n  Figure 8-lb. These curves and datz he!ped t o  
guide the process designs and the t e s t  operations a t  Cerro Pr ieto.  
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PECEDING PAGE BLANK NOT FILMED 

DESCRIPTIVE SPEC1 PICATI ON 

f o r  

GEOTHERMAL POWER CONVERSION SYSTEM 

supp l i ed  by 

EYDROTHERMAL POWER CO., LTD. 

Pasadena, C a l i f o r n i a  

The Geothermal mwer Conversion System c o n s i s t s  of a Lysholm type 
ex--nder with s i x t e e n  and one-half (16 .5)  inch  diameter rotors, a 
speed reducer and an a l t e r n a t o r ,  complete w i t h  a l l  necessary  
a u x i l i a r y  equipment and accessories requ i r ed  f o r  use  as a 
geothermal wellhead electrical g e n e r a t i n g  p l a n t .  The d r i v e  t r a i n  
is a sk id  mounted, f a c t o r y  assembled u n i t ,  s u s c e p t i b l e  of t r ans -  
port without  dismantlement.  Heavy t a r p a u l i n s  are provided f o r  
p r o t e c t i o n  of the System dur ing  shipment or site storage. The 
Con t rac to r ' s  p r e d i c t i o n s  of System performance are set f o r t h  i n  
Appendices 1 and 2 h e r e w i t h .  The System inc ludes  the fo l lowing  
assemblies, sub-assemblies and components: 

I 

Main Drive T r a i n  

The main d r i v e  t r a i n  is mounted and alLgned on a s t r u c t u r a l  steel 
base pad or frame. The basic envelope is 6 f t .  i n  width,  8 f t .  1" 
i n  h e i g h t ,  and 25 f t .  i n  l e n g t h ;  t he  weight is approximately 
258000 lbs .  The main d r i v e  t r a i n  is exposed f o r  ease of i n t e r -  
f a c i n g  with p rocess  ,.iping, lubrication o i l  conso le ,  and 
electrical  switchgez,. The equipment is designed f o r  outdoor,  
unattended o p e r a t i o n  for  extended periods. The main d r i v e  t r a i n  
c o n s i s t s  of the fol lowing sub-assemblies: 

(P r ime  Mover) 

The prime mover is a Lysholm-type machine designed for operation 
as a high en tha lpy  b r i n e  expander having the fol lowing f e a t u r e s :  

1. A fabricated steel housing w i t h  p o r t i n g  to provide f o r  a 
v a r i a b l e  volume r a t i o .  The housing i n c o r p o r a t e s  a gate- type 
governing valve that c o n t r o l s  this v a r i a b l e  volume ratio.  
The i n l e t  port is a n  8-inCht 300 l b . ,  ANSI r a i sed - face  
f lange .  The maximum allowable o p e r a t i n g  cond i t ion  is 625 
p s i g  a t  S O O O  F. 
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2. 

3 .  

4. 

5. 

6. 

7 .  

8.  

9. 

The 

The low-pressure end is of s t a i n l e s s  steel wi th  a 24-inch, 
150 lb . ,  ANSI raised-faced f l ange .  

The s h a f t  seal assemblies c o n s i s t  of a combination of 
segmented carbon seals, f l o a t i n g  r i n g  seals, and l a b r i n t h  
seals. Oil is main ta ined  behind the segmented carbon s e a l s  
a t  a p r e s s u r e  s l i g h t l y  h ighe r  than t h e  f l u s h  water p r e s s u r e  
t o  prevent  water i n t r u s i o n  i n t o  the  o i l  system. 

Radial bea r ings  are p r e s s u r e - l u b r i c a t e d ,  t i l t - p a d  type s i z e d  
f o r  moderate to l o w  s p e c i f i c  bear ing  p res su re .  T h r u s t  
bea r ings  are large, s t u r d y ,  s e l f - e q u a l i z i n g  type of conserva-  
t i v e  des ign  for  long l i fe .  One hundred ohm plat inum resis- 
t ance  temperature detectors are provided on a l l  bear ings .  

Two 1 l / l - i nch ,  threaded, plugged, i n s p e c t i o n  holes are 
provided i n  t h e  rotor bores w i t h  p r o v i s i o n s  for measuring 
rotor wear. 

Rotors are machined from sol id ,  one-piece f o r g i n g s  to provide  
t h e  maximum p r a c t i c a l  bending s t r e n g t h .  

Rotor c o n s t r u c t i o n  is s u i t a b l e  for  100 p s i  p r e s s u r e  d i f f e r e n -  
t i a l s  a t  rotor speeds up t o  5,000 RPM. 

Hard-surfaced rotor t i p s  and end faces are provided. 

A j ack ing  motor is provided t o  s lowly  rotate t h e  prime mover 
du r ing  pe r iods  of s t a r t u p  and shutdown. 

prime mover housing is h y d r o s t a t i c a l l y  tested accord ing  t o  t h e  
ASME Boiler and Pressure Vessel C o d e .  The i n l e t  and h i g h  p r e s s u r e  
r eg ions  are tested to  meet or exceed' a 300 lb .  ANSI r a t i n s .  The 
exhaust and low pres su re  regions are tested to meet or exceed a 
150 lb .  ANSI r a t i n g .  

( Speed Reducer) 

A su i t ab le  speed reducer is provided and is f l e x i b l y  coupled t o  
t h e  prime mover and to  the a l t e r n a t o r .  The speed reducer is a 
p a r a l l e l  s h a f t  h o r i z o n t a l  o f f s e t  design having s l e e v e  type bear- 
ings.  Lubricat ion is provided from the main l u b r i c a t i o n  console. 
The high and low speed coupl ings  a r e  s e l f - a l i g n i n g  gea r  type wi th  
s e a l e d  g r e a s e  lubr ica t ion .  The low speed coup1ir; j  is of the 
shear-pin type.  The coupl ings  a r e  designed t o  cperate f o r  20,000 
hour s  before  recommended disassembly for  an a1ignmer;t check and 
re-lubrication. The speed reducer is generous ly  j ized for  an 
extended l i f e  of g r e a t e r  t h a n  t e n  y e a r s  be fo re  overhaul .  Gear 
sets  f o r  three g e a r  r a t io s ,  5000/1800, 4000/1800 and 3000/1800 r p m  
(approx.)  a r e  suppl ied  w i t h  the  gearbox. 
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( A l t e r a a t o r )  

The a l t e r n a t o r  is a cont inuous  d u t y  1000 KW, 1250 AVA, 0.8 p . f O r  
1800 rpm., 3 phase,  60 E2, 480/277 v o l t ,  4 lead, 2 bearing, d r i p  
p roof ,  enclosed machine s u i t a b l e  f o r  operation i n  a d e s e r t  
environment,  and having a d i r e c t l y  connected b r u s h l e s s  exciter and 
a sol id  s ta te  vo l t age  r e g u l a t o r .  The a l t e r n a t o r  bea r ings  are of 
t he  a n t i f r i c t i o n  type with double s h i e l d s  and are lubricated a t  
t h e  f a c t o r y .  The a l t e r n a t o r  bear ing  is of a des ign  capable  af t e n  
y e a r s  of cont inuous  ope ra t ion .  Two 100 ohm plat inum r e s i s t a n c e  
temperature detectors are in s t a l l ed  i n  each phase of t h e  windings 
t o  make possible a cont inuous  i n d i c a t i o n  of a l t e r n a t o r  tempera- 
t u r e .  A 100 ohm plat inum r e s i s t a n c e  temperature detector is 
i n s t a l l e d  on each bearing.  To reduce noise, the coo l ing  fan  is 
ducted and shrouded away from direct ear con tac t .  

If 

O i l  System 

The o i l  system provides  bear ing  l u b r i c a t i o n  as w e l l  as cool ing  f o r  
t he  prime mover and the  speed reducer .  I t  also p rov ides  o i l  f o r  
t h e  shaf t  seal needs and the h y d r a u l i c  needs f o r  the speed 
governor  and s a f e t y  s h u t o f f  mechanisms. The o i l  system. a lso 
i n c l u d e s  a heat exchanger and o the r  p r o v i s i o n s  necessary  to 
main ta in  the prime mover and t h e  speed rzducer  a t  proper  operating 
tempera tures  by t r a n s f e r  of heat from the o i l  to  the surrounding 
atmosphere. A f u l l y  automatic g reas ing  system is provided for t h e  
l u b r i z a t i o n  of a l l  c r i t i ca l  surfaces or bea r ings  w i t h i n  the b r i n e  
i n l e t  and governor control va lve .  The o i l  system inc ludes  the 
fo l lowing  subassemblies and components: 

1. 

2. 

3 .  

4.  

5. 

1. 

2. 

( L u b r i c a t i o n  Console) 

300-gallon r e s e r v o i r  w i t h  s i g h t  gauge, breather, and f i l l  
cap  

Duplex f i l t e r  and t r a n s f e r  va lve  

Forced d r a f t  oil- to-air  h e a t  exchanger 

O i l  pump d i r e c t l y  connected to  speed reducer a t  1800 rpa 

All a s s o c i a t e d  p i p i n g ,  temperature  and p r e s s u r e  r e g u l a t o r s ,  
gauges , and switches 

( S h a f t  Seals) 

Booster o i l  pump, f i l t e r ,  accumulator and r e g u l a t o r s  t o  s h a f t  
seals 

A f l u s h  water pump, duplex f i l t e r  w i t h  t r a n s f e r  va lve ,  and 
flow meters t o  feed one GPM of su i t ab le  f l u s h  water to  each  
s h a f t  seal 



3.  

1. 

2. 

A water-oil c e n t r i f u g e  t o  remove water frola the Seal o i l  
d i scha rge  

( A u x i l i a r y  Funct ions ) 

S u f f i c i e n t  o i l  c a p a c i t y  and accessories are provided t o  
assure proper  ope ra t ion  of the governor  and its h y d r a u l i c  
a m p l i f i e r  

S u f f i c i e n t  o i l  c a p a c i t y  and accessories inc luding  an 
accumulator are provided f o r  h y d r a u l i c  o p e r a t i o n  of t h e  
au tomat ic  g a t e  shutof f  valve.  

111 

System Con t ro l  
( Speed Governor Sys t e m  ) 

The governor  system h a s  the fol lowing f e a t u r e s  and characteris- 
t ics:  

1. The governor  is a mechanical f l y b a l l - t y p e ,  f l e x i b l e  s p l i n e  
connected t o  the female rotor of t h e  prime mover. 

2. The governor  ou tpu t  is ampl i f ied  through a h y d r a u l i c  s e rvo  
mechanism f o r  o p e r a t i o n  of t h e  governing va lve  located i n  t h e  
prime mover i n l e t  port .  

3. There is a means for adjus tment  of the governor  wi th  provi-  
s i o n  fo r  remote c o n t r o l  from the  e lectr ical  c o n t r o l  box. 

4 .  The governor  c o n t r o l  mechanism provides  means for e i ther  
isochronous c o n t r o l  or droop c o n t r o l  a t  t h e  election of t h e  
ope ra to r .  The accuracy of c o n t r o l  i n  e i t he r  case is with in  
p l u s  or minus one q u a r t e r  (1/4) o f  1% of t h e  speed set or 
selected by the opera tor .  

(Automatic Gate Shutoff  Valve)  

The automatic gate shu to f f  va lve  is wired f o r  automatic f a i l - s a f e  
ope ra t ion  wheneve there is a dropout  of the e lec t r ica l  s i g n a l  
r equ i r ed  t o  hold  it open. The g e n e r a t o r  o u t p u t  breaker t r i p s  open 
a lso w i t h  a dropout of the electrical  s i g n a l  due t o  underspeed. 

P rov i s ions  a r e  made for  a c t u a t i o n  of t h e  au tomat ic  shu to f f  va lve  
i n  consequence of any one or more of the fol lowing c o n d i t i o n s ,  any 
one of which w i l l  t r i p  and f u l l y  close t h e  au tomat ic  g a t e  s h u t o f f  
va lue  wi th in  f i f t e e n  (15)  seconds: 

1 . Underspeed 
3. O i l  supply overtemperature  
3. O i l  supply underpressure 
4 .  S h a f t  seal low d i f f e r e n t i a l  p re s su re  
5 .  S h a f t  seal low f l u s h  water flow 
6.  Excessive v i b r a t i o n  
7. A - t u a t i o n  of manual s t o p  swi tch  
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Prov i s ions  are also made f o r  actuation of the automatic shu to f f  
va lve  i n  consequence of any one or more of t h e  fo l lowing  condi- 
t ions,  any one of which w i l l  t r i p  and f u l l y  close the automatic 
s t o p  g a t e  va lve  wi th in  one (1) second: 

1. Overspeed 
2. Actua t ion  of manual emergency s t o p  swi t ch .  

Relays are provided f o r  remote a c t u a t i o n  of both t h e  s t o p  and 
emergency s t o p  switches. 

I V  

Electrical Systems 

The Geothermal Power Conversion System is designed for s t a r t i n g  
w i t h o u t  any e x t e r n a l  electrical  power source. Batteries are pro- 
vided to  e n e r g i z e  t h e  s a f e t y  shu to f f  c i r c u i t  du r ing  s t a r t u p  and 
dur ing  normal ope ra t ion .  During o p e r a t i o n ,  a l l  necessary  
e l e c t r i c a l  energy,  inc luding  that f o r  b a t t e r y  charg ing ,  is pro- 
vided by t h e  System i t s e l f .  A i l  of t h e  e lectr ical  l i n e s ,  connec- 
t ions  and c o n t a c t s  are p ro tec t ed  from the c o r r o s i v e  salts and 
gases p r e v a l e n t  i n  geothermal environments.  P r o t e c t i o n  f o r  a l l  
i n s t rumen ta t ion  and s i g n a l  wires is provided by condu i t ,  g u t t e r  or 
t r a y  as a p p r o p r i a t e  for t he  p r o t e c t i o n  and isolation of such 
c i r c u i t s  w i t h i n  the perimeter of the Geothermal Power Conversion 
System. The e lectr ical  system inc ludes  the fo l lowing  
subassemblies  and components: 

c 

( A l t e r n a t o r  Control and P r o t e c t i o n )  

The a l t e r n a t o r  is provided w i t h  a l l  necessary  or r equ i r ed  p ro tec -  
t i v e  and c o n t r o l  dev ices  requisite for s a f e  ope ra t ion .  Accord- 
i n g l y ,  an o u t p u t  c i rcu i t  breaker complete w i t k  solid state 
p r o t e c t i v e  d e v i c e s  f o r  c i r c u i t  f a u l t ,  ground f a u l t  and thermal 
overload condi t ions is provided f o r  t h e  main load. The o u t p u t  
c i r c u i t  breaker h a s  a l20V AC shunt  t r i p  coil.  I n  a d d i t i o n ,  a 400 
amp., 480 V., 3 phase breaker panel  is provided for p o s s i b l e  power 
needs a t  t h e  geothermal p l a n t  s i te .  A s e p a r a t e  120 v o l t  o u t p u t  
breaker is provided f o r  a l l  inhouse  usage. 

The a l t e r n a t o r  is provided w i t h  a c o n t r o l  box or console  having 
p r o v i s i o n s  f o r  t he  measurement of a l t e r n a t o r  f requency,  v o l t a g e ,  
c u r r e n t ,  power o u t p u t ,  and k i l o w a t t  h o u r s .  A c u r r e n t  t r ansduce r  
and a power t r ansduce r  each provide  4 t o  20 MA ou tpu t .  I n d i c a t i n g  
meters a r e  provided wi th in  the  c o n t r o l  box. Means are a l s o  
provided there for  the convenient  connection for e x t e r n a l  record- 
ing of amperage and vo l t age .  The control  box also c o n t a i n s  an 
e lapsed  time meter, necessary  r e l a y s  and timers, as well as the  
v o l t a g e  r e g u l a t o r  and a remote governor c o n t r o l  swi t ch .  A 10 KVA 
single-phase t ransformer  w i t h  110/240 v o l t  o u t p u t  t o g e t h e r  wi th  
o u t p u t  c i r c u i t  breakers for  the control  of a l l  electrical  energy 
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( s ta t ion  power) used f o r  operation of the System is also provided. 
The arrangement of t he  c o n t r o l  box panel  is g e n e r a l l y  i n  accord 
w i t h  JPL Drawing No. SE/60-0 t h a t  appears  i n  t h e  JPL ELECTRICAL 
STANDARDS published i n  June 1975 by t h e  JPL Faci l i t ies  and 
Engineering Cons t ruc t ion  Of f i ce .  

(Remote Monitoring) 

A t e rmina l  box con ta in ing  a terminal s t r i p  is prcwided t o  
f a c i l i t a t e  the  remote monitor ing of the fol lowing:  

1. 

2. 

3. 

4. 

5.  

6.  

7 .  

8.  

9. 

10 .  

11 . 

Alarm and s e n s o r  c o n t a c t s  g i v i n g  i n d i c a t i o n s  of improper 
speeds, p r e s s u r e s ,  t empera tures  or v i b r a t i o n s  

Remote c i rcu i t  breaker t r i p  mezhanism 

S t a t i o n  power (120/240 v o l t )  

Temperature s e n s o r s  

Bearing load s e n s o r s  

Amperage t ransduce  I: 

RW t r ansduce r  

KWH pulse 

Voltage 

Frequency 

24 V o l t  DC Supply. 

(Remote Con t ro l )  

A t e rmina l  box con ta in ing  a terxcinal s t r i p  is also provided t, 
f a c i l i t a t e  t h e  remote control  of the fol lowing:  

1. Voltage 

2. Frequency 

3. Normal s t o p  

4.  Emergency s top .  
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V 

I n l e t  P ip ing  

The S! stem i n c l u d e s  adequate  means f o r  ipport  and f l e x i b l e  
coupl:  ng of t h e  upstream p ip ing  so as to minimize any mechanical 
loading of t h e  prime mover. The i n l e t  p ip ing  is capable  of safe 
handl ing of geothermal f l u i d 8  a t  p r e s s u r e s  up to 625 p s i g  and 
temperatures up t o  500°F. A l l  i n l e t  p ip ing  is h y d r o s t a t i c a l l y  
tested to  the  ASME Boiler and Pressure Vessel Code to meet or 
exceed a 300 lb. ANSI r a t i n g .  Th e i n l e t  p ip ing  ot  the  System 
i n c l u d e s  t h e  fo l lowing  components: 

1. 8-inch8 300 l b .  ASA g a t e  s t a r t  and s t o p  v a l v e  

2. 8-inchr 300 lb .  ASA automt ic  g a t e  s t o p  va lve ,  

3. Flex-coupling a t  prime mover i n l e t ,  8-inch, 300 lb .  ASA 

pneuma t i c a l l y - h y d r a u l  i c a l l y  actuated 

r a t i n g  

4.  Burst- type bypass plus re l ief  va lve .  

VI 

Drawings 

The Geothermal Power Conversion System is furn ished  i n  conformity 
w i t h  t h e  f o l l o w h g  drawings as prepared by the Hydrothermal Pover 
C 0 . r  Ltd. 

Drawing Number 

1. B-13 

I s s u e  Late 

As r e v i s e d  1-18-78 

2. 8-14 As r ev i sed  5-9-80 

3 .  8-20 As r e v i s e d  5-I.!-80 
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Stored data Q 6 b o f  o+bX(uolts)=X[JI is: 
11/15 16:56:26 

1 
2 
3 
4 

6 
7 
8 
9 
10 
li 
I2 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

c 3 

-245.294000 
-250.747579 
-12.460000 
-43,602123 
-24.144700 
-11.020074 
-255.806175 
-136.919128 
-115.192100 
-100.000000 
-100.000000 
-126.250998 
-12.493722 

0 000190 
0.000470 

-3’5.460000 
-35.813000 
-3 608502 
-3.6Q8502 
-3. LG8502 
-3,608502 
-3.608502 
-3.608502 
-3.659743 
-3.509639 
-3.560831 
-0.981580 
-69.319632 
-0.990770 
0 . O G O 0 0 0  
0 * 0 0 0 0 0 0  

5 5 . 0 0 0 0 0 0  
0 * 000000 

365.283262 
373,685473 
-3.608502 
-3.608502 
--3,6O8502 
-3.608502 
366.491630 
355,625a63 
-684.150000 
-642,990000 

5258.198000 
1249.5691Sl 
62.7SOOOO 
225.554822 
124,466500 
204.834084 
1255.828359 
636.983885 
617.504600 
500.000000 
500.000000 
574,833496 
62.819149 
I. 001720 
1. 001100 

175.540000 
176.819600 
988.630746 
988.630746 
988.630746 
988.630746 
988.630746 
988.630746 
989. 1 1 9683 
988.630746 
989.119683 
987.500000 
990,380559 
988.810000 
599 SO 0 00 0 
1499.600000 

9.99’5300 
1197.870000 
138.970231 
143.517940 
988.630746 
988.630746 
988.630746 
988.630746 
138.899373 
143,517151 
3684.150000 
3642.990000 
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Refer t o :  383-RAH:ahs 
383HSE-76-56 

The Jet Propulsion Laborztory (JPL) and Hydrothermal Power Ccnpany, Ltd. (HX), 
with the  support of the U.S. Energy Risearch and Cevelopent Adainistration 
Division of Gaothermal E2eri;y (41%DA-!)GE), a r e  preparing t o  evaluate t h e  F!C 
Electrical Paver Generating S y s t e s  (U.S. Patect Na. 3,751,673)  on gzothetmal 
flui4s at l iqu id  aodnated f i e l d  si tes which are t o  be selectee. 
will feature  the helicai rotary screw axpander i n  a 1250 kVA pok-er syctsm 
module ncw being b c i l t  by H P C ,  complete with gecerator and ill associatxi  
c u u u o l s  and sc8uipmenc. Tie exoanaer s i z e  is a cmpromise--iarge enough t o  be  
con;rercial and yet small &nough t o  permit a broad test prosram uslng exisr inq 
wells. 
data console, a durrrmy load, and controls for  nanipulating the load and t h e  
f luicis . 

Shz ?reject 

JPL, as manager of the project ,  is preparing an instrunentation s i d  

The purpose of t h i s  communicaticn is twofold: 
dialogue with those organizations havir.;z a h;drothermal geothermal resource 
under production i n  order t o  e q l c r e  the prospects of tes t fng the geothemal 
energy conversion system a t  t h e i r  s i te  and, second, t r J  fnfotm the geott:ema: 
rescurce crm7aniss and other interested organizations of thd nature and statas 
of the  evaluation p r o j e x .  
submitted herewith fo r  your consideration. 

f f r s t ,  td  open a technical 

As an a i d  t o  the  dialogue, a questionnaire is 

Tie project  is a log ica l  extension of the development and f i e l d  t e s t ing  carr ied 
out by W C  with the i r  62.5 kVA prototype. 
p e r f o m a x e  charac te r i s t ics  of the  expander and poyier system over a broad range 
of cperating conditions and a lso  to  amnine tha concept of the :Jellhead povar 
p l a t .  Another objective is t o  bring about par t ic ipa t ion  and in te rac t ion  with 
the geothermal electric power coinmurr5ty i n  the  project.  
include corrosion, erosion, sca le  forination and control ,  endurancs t a s t ing  snd 
equipment life pred ic t ims ,  and t he  problems of interfacing a wellhead p la i i t  
with a well and with atz e l e c t r i c  g r id .  The work leads through an appl icat ions 
systems study t o  the design, construction, and testing of a c m p l e t e  p i l c t  
a in ip lnnt  i n  the 5-7 !N size, 

The objectives are t o  determine the 

The In-.-estlgntion w i l l  
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-2- June 10, 1976 

The research, planned in five phases, is expected to provide the performance 
maps for this new equipment application for the wide range of conditions which 
are found in liquid dominated geothermal fields. 
questions of performance optimization, expander staging and ultimate size, 
effects of vapor fraction and non-condensibles, exhaust pressure and heat 
rejection, briie management and waste disposal, the wellhead power plant 
concept vs centralizea plants, mixed systems and multiple applications, and 
costs. 

It will deal with the 

The goal is the optimum exploitation of the resource. 

A concise schedule Df the tot?' project outline and a discussioz of the - -  
expander are contained in the paper Helical Rotary Screw Expander Power Systems, 
a copy of which is enclosed. A schzaule for the first two phases of the project 
is shown in more detail in Figure 1, which is included with the enclosed 
questioanaire. 
in the second phase of the project is also included. 

A n  outline of the test plan for the evaluation of the expander 

In the interest of hastening the site selection process and on the basis of 
first hand experience and the advice of others who have faced the same problem, 
such topics as liability and well use agreements are not being overlooked but 
are deferred until later. 
We would appreciate your response by June 25, 1976. 
covered in the questionnaire will be weicomed. 
phone me on (213) 354-3107. 

I hope you find the questionnaire interesting. 
Comcents on any poists not 

if you have any questions please 

Verv truly yours, 

Richard A. McKay, Ft &. 

Principal Investigator 
Helical Screw Expander Fro j sct 

Enclosures (5) 

cc: C. McFarland, ERDA 
C. Mohl, JPL 
R. Sprankle, I IPC 
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Ju- 10, 1976 

SITE SELECTION QUESTIONNAIRE 
FOR . 

TESTING A 1250 kVA HELICAL ROTARY SCREW EXPANDER ELECTRIC 
POWER GENERATING SYSTEM ON GEOTEEWU BRINE 

The Jet Propulsion Laboratory (JPL) is working with Hydrothermal P w c r  Co., 

Ltd., IHPC) to  evaluate the HPC Elec t r ica l  Pave r  Generating System (U.S. Patent 

No. 3,751,6731 in  a project which vi11 test a 1250 kVA power system module on 

geothe'mal brine. The project is funded by the  U.S. Energy Research and Develop- 

ment Administration through the Division of Geothermal Energy. The test ing,  

conducted by JPL, wi l l  entail operating the expander a t  selected loads aad speeds 

over a wide range of wellhead conditions, v i t h  the expander exhausting to atros- 

pherlc pressure and a w e .  The test conditions and the r e su l t s  of the tests will  

be presented i n  open reports and seminars a t  appropriate points during the 

p r o j x t .  (For more deta i l s ,  see the T e s t  Plan and the Schedule). 

The purpose of t h i s  questionnaire is to inv i t e  the consideration of your 

organization to  provide a test si te and to  par t ic ipate  i n  the preparation of the 

test site, and the planning and test operations. In general, coments from the 

geothermal u t i l j  zation coolnunity w i l l  be welcomed. 

Please put i n  parenthesis those responses which are proprietary, i f  any. 

Please r e t u n  the +estionnaire to 

Dr. Richard A. McKay 
Bldg. 122 Room 123 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, California 91103 

In  case 2~ questions, phone (213) 354-3107. 
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1. Salinity or total dissolved solids (TDS). 

low saline brine of up to 30,000 ppp TDS and one having hypersaline brine, 
greater than 200,000 ppm TDS. Testing at the low saline site is scheduled 
to begin about June 1977 and at the hypersaline site about December 1977. 
Site preparation in advance of the testing will be required at each site. 

Tu0 sites are needed, one having 

Is your organization interested in providing a siti:? Yes No 

Would a different salinity range be preferable to your organization? 
Yes No 

- Approximate salinities available: 

Is a brine analysis presently available to thls project? 
If not, under what circumstances would such information be available? 

Yes No 

2. Cooperative research. An important objective of this expander evaluation 
project is the direct involvement of industry. The expander will be evaluated 
de rLrt oi a modular geothermal power systea which will be built by Hydrothermal 

Power Co., Ltd., who have brought the helical screw expander geothermal power 
system to its present state of development. 
tatives from the geothermal user industry i n  the site preparation and evaluation 
testinq is very desirable. 
availability of suitable sites is especially welcome. 

The direct participation of represen- 

The availability of such participation along with the 

Is your organization interested in such participation? Yes No 
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3 6  

1 
a 3. Wellhead conditiotu and flourate. The expander vi11 be rated fo r  i n l e t  condi- 

t i o m  of 625 p i g  at S W F .  Thus it cau operate d i rec t ly  on m y  -11 h w h g  
wellhead p+ern.urer and tmperaturer vbich do not exceed them conditionr. 

Since i t  Is desirable to  ch8racterire the expander Over as vide a r q e  of 

operating conditiona as possible, wlls which produce a t  wellhead preasurer 

up to  625 p s Q  are preferred. 

inlet, a l l  ler8er wlls down to the atro8phetiC boiling temperature can be 
slmlated.  

v i t h  the aid of a separator). 

By th ro t t l ing  between the w e l l  and the  - d e r  

(The a t e m  fract ion in the feed to the expander can be adjusted 

The theoretical  relation6hip between a rpde r  M e t  conditions, f lu id  

throughput, and output pwcr fo r  aay mixed flow expander opeiating a t  70% 

-chine efficiency a d  expanding t o  appro r iv t e ly  @tmorpheric presmrc is 
shown by the curwes in the figure, next page. 

between flowr8te, wellhead temperature o r  p r w m e ,  and r t s r  fract ion fo r  

your w e l l  so tht the operating range of the expander permitted by the candi- 
date wells can be determined. If this information cannot be relearned at  pre- 

senat, under what circuwtances would such I n f o m t i o n  be avai1able? 

Please a t a t e  the relationship 
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10 I 1 1 I I I I I I I I  1 1 1 1  I 1 I I I I I I  
100 200300 lo00 3Ooo 

OUTPUT - KW 

ASSUMPTIONS: 
1. TOTAL WELL FLOW RATE, l00,OOO LB/H. 
2. EXHAUST PRESSURE, 15 PSIA. 
3. 70% EXPANDER EFFICIENCY. 
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4. Coolant brine or water. 
coolant €:ream t o  condenae the steam i n  the expander e x b u s t  l a  order t o  faci-  

l i t a te  measuring the brine throughput and the ait enthalpy fo r  the expander. 

For tests involving expmslon to  atmospheric preasure, a luxinn coolant rate 
of about 660,000 lb/hr (1320 g p d  a t  100°P is predicted. 
wil l  be smaller i f  the coolsn' is available a t  lower temperatures. It is 

assumed that the coolant could be surface water o r  brine which is recycled 

from a heat rejection pond o r  a cooling tower. P l e a s e  state i f  coolant i n  

the abo-qe amounts w i l l  be available a t  your si te and from what source. 

Onc option i n  the test plan outliner the  m e  of a 

The predicted rate 

Comnent s : 

5. Production r e l i ab i l i t y .  In order t o  meet the wishes expre ,ed by some poten- 

t i a l  geothermal industry users, the test plan may call  for  continuous operation 

of the expander over a period of three months at  both sites. 

Does your si te have suf f ic ien t  production to permit  such a t e s t ?  Yes - No - 
(The use of a coolant stream during prolonged operation of the expander is 

optional). 

Recognizing tha t  the follow-on work proposes to  do endurance tes t ing  over a 

period of two years, do you concur with the two three-wnth on-line test 

elements i n  the present test plan? Yes No 

Comments : 
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6. Waste disporal. This project ham arru~ed that the dimporal of the warte 
brine, steam, and gaser which i r l r e  during the teat. can be accampllshed 

a t  the si te i n  a manner so as not t o  Impede the tes t ing  of the expander. 

In other words, disposal rates are 8srujcd t o  be adequate and loca l ly  

acceptable. Is t h i s  the case? Yes N o  

In 

CoPrents: 

7. - Noise. This project has also assumed tha t  noise ar is ing from the tests, such 

as, for  example, from an emergency bypass, is compatible with the test site. 

Are there any special  llmits or considerations? No Y e s  

Coments: 
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8. S i t e  permits. 

permits required to operate the s i te  for  t ea t  purposes w i l l  have been obtained 

by the site operator. 

This project h s  assumed that a11 local, a ta te ,  or federal  

Cormrent s : 

9.  Condition of vel1 and hardvare. Are the ages and condition of the w e l l ,  casing, 

valve tree o r  other hardware expected to  present any special  problem to t h i s  

project? Yes No 

Comaent s : 
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10. Turn-down and rhut-down requirements. The screw expander power ryrtcs 
containo its own flow control valve and will be coupled directly to the well. 
Are there any special turn-down and shut-down requirement8 for the well? 

11. Surging. 
output, steady Inlet conditions are desirable. What information is available 
concerning surging at the wellhead? 

Bee-use the expander will be self-regulating to provide a steady power 
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12. Entrained rolidr.  

Frototype expander with-no evidence of damage, such so l idr  are asrumed t o  pore 

a hazard to  the equipment. Therefore a protective t rap i r  probably derirable.  

What is knom a h a t  the amount and size of nand and gravel, etc., i n  the brine? 

Although e w e  entrained so l ids  have parsed through the 

13. Dissolved gases. 

w i l l  a f fec t  the brine chemistry, the expander performance, and the test proce- 

dures. If  t h i s  infor- 

mation canuot be released 

information be available? 

Large quant i t ies  of dissolved gases such as C02, H2S, and N€i3 

What is the frhction of these gases In the well Chid? 

at present, under w h a t  circumstances would such 
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10. Chartry laboratory. Is a brine chemistry laboratory available at or near 

the site? Yes No 

15. Corrosion data. Are corrosion data available for the candidate h . . ' . - z  t o  aid 
ir! material selection? Yes No 

16. Shop facilities. 
Yes No 

Are shop facilities available at or near the site? 

17. Test equipment. Might Items of test equipment such as valves and separators 
be available for use in the testing of the expander? Ye9 No 
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18. Electric poue r. Ia camercid e lec t r i c i ty  a v d l a b l e  at the t u t  aite for am 

- u t i u t e d  tcrt Inotnmentation load of l u a  tbra 2 LW? Y e a  m 

19. Topography a d  acceu8ibility. 

power plant rodulr about 6' x 22', weighing approximately 24,000 lb ,  vhich 
should be placed near the w e l l ,  aDd 8' x 20' i as t r rwat r t ion  van vhich abould 

be located nearby. 

power plant and an air-cooled l a d  bank. 

The test equ ip rn t  vill Include a skid-ted 

Smaller campanion pieces Include an o i l  coasole for the 

W i l l  the acce88ibllity and t h e  

- topography at  the site be a problem? Yes m 

Corerrts: 

2s. Restricted o r  open site. 

hel ical  rotor expander, with v i s i to r  control t o  be arranged by the s i te  
Open sites Will be required for the tes t ing of the 

- operator and JPL. Is an open s i te  possible a t  your f ie ld?  Yes - No 
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21. Visitor transportation. 

and approxiute travel t i n  to the site? 

airport? 

Ubat is the MM of the nearest c o m e r c t l  airport 

Are rental cars available a t  the 

22. First a id .  What is the name and location of the nearest f i r s t  a id  station 

and the nearest hospital? 

23. Units of measurement. W i l l  the use of the International System of Unitr 

throughout t h i s  project be welcomed by your organization? Yes - No - 
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HELICAL SCREW EXPANDER PROJECT 

T E T  PIA3 OUTLINE 

TEST PURPOSE 

The cent ra l  purpose is to  evaluate the  performance of the  Lysholm type 

he l i ca l  rotary screw geothermal expander which Roger Sprankle has developed 

and incorporated in to  the HPC Power Systen, with the tes t ing  to be done on 

geothermal f lu ids  at l iquid dominated sites over a broad range of operating 

conditions. 

scale formation and control,  component durabi l i ty ,  etc., this t s A t l i n e  discusses 

only the  determination of engine efficiency. 

Although the investigation w i l l  deal  with corrosion, erosion, 

TZSTPLAN 

Variables 

The selected variables for the  expander are a)  inlet pressure; b) i n l e t  

vapor f ract ion;  c) ou t l e t  pressure, d) speed, and e) load. 

a. 

sures up t o  625 prig. 

In le t  Pressure. The expander is designed t o  accosodate a l l  wellhead pres- 

In the  tes t ing  of the expander, wellhead pressures less 

than the  pressure of the test w e l l  can be simulated by t h ro t t l i ng  t o  the  desired 

lower pressure by means of a t h r o t t l e  located between the w e l l  and the  expander. 

b. 

varied by select ively bleeding off e i the r  vapor or  l iquid.  

c. 

hausting t o  atmospheric pressure. Provisions fo r  a back pressure p l a t e  i n  the 

expander exhaust area a re  included in the design t o  p e w i t  expansion t o  higher 

In l e t  Vapor Fraction. The vapor f ract ion i n  the expander inlet stream cac be 

Outlet Pressure. Most of the measurements w i l l  be mat, with the eqander  ex- 

pressures. 
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d. 

approximately 3000, 4000, and 5000 Rpn as dcternlned by 8 gearbox through which 

Speed. The high speed or ..le ro tor  vi11 be operated a t  fixed speeds of 

the  expander vi11 drive c 1250 kVA al ternator .  'zhe speed of the  a l te rna tor  d~ll 

be held constant a t  1800 RPM by t h e  expander governor and an in te rna i  flow control 

valve. 

e. Load. The load w i l l  be adjusted manually i n  50 kW Increments over the  desired 

test range. 

Engine Ef f icicncp 

For an expander operatiag under steady state c o d i t i o n s  w i t h  negligible heat 

loss, the  following w e l l  horn equations apply: 

P - h2s) hl - h2 = q(hl w * -  

where w - rork 

P - power 

i - mass flow rate 

hl = inlet spec i f ic  enthalpy 

h2 - outle? spec i f ic  enthalpy 

hZs = outlet spec i f ic  enthalpy which would r e su l t  i f  the expansion were 
isentropic  t o  the same ou t l e t  pressure 

rl = engine eff ic iency 

The engine eff ic iency compares am ac tua l  expander with an idea l  one f o r  the  sauic 

i n l e t  an8 ou t l e t  conditions and throughput. 

Measurement 

In general the  f lu id  streams of in te res t  are mixtures of l iquid and vapor, 

and accurate uieasurenmnf of maas flow rate and enthalpy are d i f f i c u l t .  

advantageous t o  make the  measurements a t  atmospheric iressure. 

it is 
, 

The s t ra tegy proposed is t o  determined P, I, and h2, and thus hl, since from 
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Thc value of h2s is calculated next, using the  thermodynamic propert ies  of water 

frau the Steam Tables and making correct ions fo r  the  other  const i tuents  i n  the  

f luids .  This all- t h e  calculat ion of engine eff ic iency,  s ince from eq. (1) 

D 

The txpayider shaf t  output power wil l  be determined accurately by measuring the  

electrical output of the  12% kVA cal ibrated alternator which w i l l  be driven by 

the  expander through a cal ibrated gearbox. 

least two options w i l l  be considered. 

For the  determination of tk and h2, a t  

Option 1. Separate the exhaust f l u i d s  from the  expander i n t o  l iquid and vapor 

streams and measure the  flow rate of each. The desired f!ow rate is the  s!;m of 

the t w o ,  and the spec i f i c  enthalpy h2 can be determined from the  flow rates and 

states of the  separate streams. 

Option 2. Mix the  exhaust f l u ids  with cold water or  br ine i n  amount su f f i c i en t  t o  

condense a l l  of the  steam. From measurements of the state and flow rates of the 

coolant stream and the combined stream, a material and erorgy balance permits the  

calculat ion of the enthalpy and flow rate of the  expander exhaust. 

These two methods, used a t  atmospheric pressure, are both applicable t o  tests 

involving e-xpansion t o  above atmospheric pressure because the  subsequent t h ro t t l i ng  

in to  the  measuring apparatus e n t a i l s  no change i n  e i t h e r  the  enthalpy o r  flow rate 

of the  e x i t  stream. Similarly, the  i n l e t  enthalpy hl can be measured by replacing 

the  expander with a t h r o t t l i n g  bypass flashing i n t o  the measuring apparatus, pro- 

vided the  flowrate can be made t o  match the expander test conditions. 
, 

Option 3. To be explored. 
c-19 



The selection among the  options and the  d e t a i l s  of the  test plan w i l l  be 

influenced by the  nature of the geothermal f l u i d s  and other  aspects  of the test 

sites. 

dencies of the bripe following flashing are two of the  important considerations. 

It is l i k e l y  tha t  a single test plan be preferred which is applicable t o  both 

test sites. 

For example, the  non-condensable gas content and the  scale formation ten- 
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June 10, 1976 
Revised June IS, 1976 

Questionnaire Distr ibut '  J n  L i r t  
for Selection of Test S i t e s  

EELIcAt SCREW EXPANDER PROJECT 
- 

Organizations Knom t o  Have Prospective S i t e s  

Mr. E. A. Lundberg 
Regional Director 
Bureeu of Reclamation 
P. 0. Bcx 427 
Boulder City, NV 89005 

AtteEtion: 700 

Sr. Ing. Jorge Guiza 
2efe del Departamento d e  Kecorces Geotermice8 
Ccmision Federal de Electricidad 
Rodano 514-50, Piso 
Mexico City 5 ,  D. F. 
Herico 

Dr. Charles W. Berge 
Manager, Geothermal Operations 
Phillips Petroleum Company 
P. 0 .  Box 752 
D e l  Mar, CX 92014 

Dr.  Carel O t t e  
V. P.. - Geothermal Division 
Union O i l  Co. of California 
P. 0. Box 7600 
Los Angeles, CA 90051 

Mr. Thomas C. Hinrfchs 
Magma Power Co. 
631 S. Witner 
Los Angeles, CA 90017 

14r. Robert W. Maxwell 
Manager - Geothermal 
Gulf Energy & Minerals Company 
Dlvisioc of Gulf O i l  Corporation 
Gulf Bldg. 
1780 S. Bellalre Street 
Denver, CO 80222 
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Dr. Robert U. Rex, President 
Republic Geothermal Inc. 
11823 E. Slauson Ave. 
Saata Fe Springs, CA 90670 

Mr. Charles T. Condp 
California Energy Campany, Inc. 
44 Montgomery Street 
San Francisco., CA 94104 

GROUP B Organizaticns Known t o  bve Geothermal Resource Interests 

Ifr. Bob Grcider 
Chevron O i l  Co. 
Minerals Division 
P. 0. Box 599 
Demer, CO 80201 

Mr. Wlliam M. Dolan 
Amax Exploration, Inc. 
4704 Harlan Street 
Iknver, CO 80212 

M r .  k!!lcolm 8. Mossman 
The Anschutz Corporation 
l l l C  Denvet C h b  B13g. 
Denver, CO 89202 

Dr. E. Hunter Paalman 
Research Engineer, Process Development 
Ikw Chemical U. S. A. 
Western Division 
2800 Mitchell D r .  
Walnut Creek, CA 95898 

MY. J. D. Langston 
V. P. - Exploration 
KXXON 
Box 2180 
Houston, TX 77001 

Mr. Ben G. Groenewold 
V. P. - Exploration 
Natomaa International 
777 S. Post Oak Rd. 
Eouston, TX 77056 

Mrs. Alice Dennan 
Geothermal Energy ti Mineral Corp. 
P. 0 .  Box 234 
Calipatr ia ,  CA 92233 C-23 



Mr. L. H. Kreisel  
Imperial Thermal Products, Inc. 
7380 Central Avc. 
Newark, CA 94560 

Hr, Jos. I. O ' N e i l l  
Joseph I .  O ' N e i l l ,  Jz. 
410 W. Ohio 
Midland, TX 

lk. R. J. Watson 
Manager, Field Research Laboratory 
Wbi l  O i l  
P. 0.  Box 900 
Dallas, TX 75221 

lk. Patrick J. Fazlo 
V. P. - Exploration Operatloas 
McCullock Oil Corporation 
10880 Wilshire Blvd. 
Los Angeles, CA 90024 

E. Bc5 ?!?cy 
Sun Oil Company 
503 N. Central -res ay 
Richardson, TX 75030 

Mr. Ju l iu s  Babisak 
V. P. - Exploration 
Atlantic Richfield Corporation 
515 S. Flower 
Los Angeles, CA 90071 

Dr. H. Tsvi Meldav 
Geonomics, Inc. 
3165 Adeline S t .  
Berkeley, CA 94703 

Mr. S t a n  Eschner 
Mgr. - kcrzth American Exploration 
Occic!ental Exploration 61 Production Co. 
5000 Stockdale Hwy. 
Bakersfield, CA 93309 

Mr. John Wof f ington 
Explorat l c n  
G t t t y  O i l  Company 
Rr. 1 Box 197X 
Bakersfield , CA 93309 
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Mr. George Frye 
Mvision Engineer 
Burmah O i l  6 Gas Co. 
P. 0. Box 11279 
Santa Rma, CA 95406 

Mr. C. R. Gerling Mr . Ronald C. Bart, President 
br. Staff Geological hgr. 
Shel l  Oil Company P. 0 .  Rox 1566 
P. 0. Box 851 
Houston, TX 77001 

Earth Paver Corporation 

Tulsa, Oklahoma 74101 

GROUP C Organizations Aff i l ia ted with Croup A 

Dr. L. T. Yapay 
Director, Research 6 Development 
Southern California Edison Company 
P. 0.  Box 800 
2244 Walnut Grove Ave, 
Rosemead, CA 91770 

Mr. James M. Nugent 
Project Engineering Coordinator 
Sati Diego Gas & Zlectric Com?any 
101 .Ash Street 
San Diego, CA 92112 

Xr. Joseph N. Baker, City ?fanagcr 
City of Burbank, California 
P. 0. Box 6459 
275 E. Olive Ave. 
Burbank. CA 91510 

Mr. Ken F. Mirk 
Geothermal Component 
Project T e s t  Fhc i l i tg  
Lawrence Berkeley Laboratory 
University of Calj -a-nia  
Berkeley, CA 54720 

Mr. John P. Hiltabiddle 
Atomics International Division 
Rockwell Internat ional  
8900 D e  Soto Ave. 
Canoga Park, CA 91304 

Hr. Russell 0. Pearson 
Systems Group 
TRW, Inc. 
One Space Park 
Rcciondo Beach, CA 90278 
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GROUP D Organizations Known t o  Have Spec ia l  In te res t  

Mr. Vase1 W. Roberts 
Electr ic  Power Research I n s t i t u t e  
P. 0. Box 10412 
Palo Alto, CA 94303 

Hr. Edwin C. Schlender 
Manager 
Raft River Rural Elec t r ic  Cooperitive 
Malta, I D  

Mr. Gary Soule, S r .  
V. P. - Engineering 
Sierra  Pacif ic  Power Company 
501 E. Moana 
Reno, NV 89502 

Dr. Arthur L. Austin 
Lawrence Livermore Laboretory 

Livermore, CA 94550 
P. 0 .  BOX 808, L-505 

Xr. Hugh B. Efatthews 
S?erry P.?sc-.rch Cnater 
Sud bu ry , Yas s a c hc set  t s 

D r .  Paul A. Longwell 
Aerojet - General 
9100 E. Fla i r  Drive 
E l  Mocte, CA 91734 

Mr. Martin Berger, President 
Occidental Research 
P. 0. Box 310 
La Verne, CA 91750 

Mr, Norman P. Ingraliam, Manager 
Northern California Power Agency 
1400 Coleman Ave. 
Santa Clara, CA 95050 

M r .  Gail Moulton 
Sr. Geologist 
Kerr-McGee Chemical Corporation 
P. 0. Box 367 
Trona, CA 93562 
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Hr. Kenneth Brunot 
Senior Progr am Yanager 
NSF Western Projects Of f i ce  
831 Mitten Road 
Burlinghame, CA 94010 

Mr. Ritch ie  B. Coryell 
National Science Foundation 
1800 G Street, X.W. 
Washington, D .  C .  20550 

Mr. Leonard J .  Keller 
The Kel ler  Corporation 
2650 Nor thhaven Road 
r i l l a s ,  Texas 75229 

Mr. C .  R .  Posse11 
General Ener-Tech., Inc. 
833 W .  F i r  
San Diego, Cal i fornia  92101 

Mr. T a l l n m  E .  Horst 
Horst Power Systems, Inc, 
15850 San acrn Road 
Saratoga , CA 95070 

Mr. Donald J. C e t i n i  
BiPhasc Engines, Inc. 
2907 Ocean Park Boulevard 
Santa Monica, CA YO406 
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PROCEEDINGS 

CONFERENCE ON RESEARCH 
FOR THE DEVELOPMEPJT OF 
GEOTHERMAL ENERGY RESOURCES 
September 23 - 25, 1974 
Pas a den a, C a I i fo r n i a 

Organized by 
Jet Propulsion Laboratory / 
California Institute of Technology 

December 31,1974 

Sponsored by 
National Science Foundation 
RANN-Research Applied to National Needs 
Division of Advanced Energy 
Research and Technology 

Grant No. AG-545 

Any opinions, findings, conclusions, or rrcommrrdrtionr exptmd 
in this publication are thou of tha ruthor(r1 md do not rncrurrily 
reflect the views of the National Sciena Foundation. 
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HELICAL ROTARY SCREW EXPANDER 
POWER SYSTEM 

I. 

Richard A. McKay 
Je t  Propulsion Laboratory 

Pas  ade na, Califor tiia 

Roger S. Sprankle 
Hydrothermal Power Company, Ltd. 

Pasadena , California 

A technical survey made by the Jet Propulsion Laboratory 
( JPL)  led to the conclusion that an energy converter well suited 
to wet s team geothermal fields could be a major stimulant to the 
development of these energy resources. 
screw expander, developed by the Hydrothermal Power Co., Ltd. 
(HPC), is a very promising caadidate to f i l l  this need. 
proposed to evaluate and characterize the screw expander i n  
conjunction with HPC. 
equipment operating on low saline and then hypersaline brine 
with members of the gesthermal industry participating. The 
helicai screw expander is a positive dispiacement machine of 
the Lysholm type which can accept the untreated corrosive 
mineralized hot water of any quality f rom a geothermal well. 
The subjects of corrosion, mineral deposition, the expansion 
process,  the experience to date with a prototype and the pro- 
posed evaluation project a r e  discussed. 

The helical rotary 

JPL has 

The work wi l l  u s e  commercial-size 

INTRODUCTION 

I n  all the world, there a r e  only 12 locations where.electrical power is 
presently generated from geothern -1 energy, providing a total installed 
capacity of about 1100 MW (Refs. 1-4). * In these locations ene rgy  is avail- 
able f r am the ground a s  geothermal fluid, either i n  the form of s team (vapor- 
dominated fields) o r  i n  the form of hot brine (liquid-dominated fields). In all 
cases,  energy is converted to electrical power by means of a vapor turbine 
a s  the pr ime mover. 
procedure is essentially simple. 

In the vapcr-dominated fields (focr locations), the 
Dry s team f rom the producing wellr i s  

*For comparison: As of 1970, the world's largest  high-pressure steam- 
driven turbogenerator was the 1150-MW unit at the TVA power plant at 
Paradise,  Ky. Two nucl2ar plant additions now under construction at 
San Onofre, California wil l  be I140 MW each. 
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cleaned of entrained so l i t s ,  and then passed directly to turbines which drive 
electrical  generators. I n  the case of the liquid-dominated fields, the brine is 
either flashed to l iberate steam, which is then separated f rom the residual 
brine and sent to the turbogenerators (seven locations), o r  it is used to boil a 
secondary fluid (one location! which i n  turn is  sent to turbogenerators. 

At present, the four vapor-dominated fields noted above have a 
combined, installed electrical  capacity of 806 MW o r  7 3 %  of the worldwide 
geothermal total. 
where Pacific Gas and Electric Co. (PG&E) is systematically adding 100 MW 
capacity per year on a schedule that extends through 1980. 
represent loo,& of the annual increases planned by P G & E  f rom all sources 
(Ref. 3). There  a r e  no reported technical problems sufficiect to hamper 
this schedule. 
exploitation of the geothermal reserve,  and is possible because the s t eam 
turbine i s  an ideal match for vapor-dominated fields. 
lems which a r e  encountered there, such as turbine blade erosion and corro-  
sion, a r e  handled in the normal course of doing business. 

The largest  of these is at The Geysers i n  California, 

These additions 

The schedule is planned to allow the orderly development and 

Technological prob- 

Unfortunately, vapor-dominated geothermal fields a r e  scarce.  This 
helps to explain why The Geysers is the only such geothermal power plant 
location i n  the Western Hemisphere. F a r  more prevalent, by an estimated 
ratio of 20 to 1, a r e  the liquid-dominated fields which produce hot water o r  
brine. It thus follows that, al l  other things being equal, if there  a r e  four 
steam fields producing electricity, there  should be 80 w e t  fields similarly i n  
production instead of the mere  8 mentioned above. 
not equal. 
effluent has been historically absent, and so the exploitation of the w e t  fields 
has been seriously hampered. 
drive a turbine, either by flashing part  of the brine to steam, o r  by boiling a 
secondary fluid i n  a heat exchanger. 
energy is lost in the waste hot brine which flows f rom the s t eam separators ,  
and the throttling step itself is  inherently inefficient. 
process involving a secondary fluid, substantial energy lcsses  a r e  associated 
with the temperature difference necessary t o  drive the heat exchanger and 
with the power demands for pumping the secondary fluid. (It may be noted 
that the world!s pioneer geothermal power plant 2.t the vapor-dominated field 
i n  Larderello, Italy, switched from the use of heat exchangers to the direct  
expansion of the geothermal fluid because of these ineificiencies (Ref. l).) 

But all  other things a r e  
The ideal match of a pr ime mover compatible with a liquid w e l l  

It has been necessary to  produce a vapor to 

In the steam-flashing process ,  much 

Similarly, i n  the 

In addition, supplementary process equipment, especially heat 
exchangers, i s  expens-ve. Moreover, and perhaps most serious,  scale 
formation f rom the brine can be severe.  It must be recognized that the hot 
brine has been i n  contact with minerals for a long t ime and will be i n  near 
equilibrium at reservoir  temperatures.  Therefore,  a s  the brine is cooled, 
part  of the d i redved  solids w i l l  precipitate, especially on cool surfaces. 
This explains some of the failures that have been experienced i n  attempts to 
harness the energy available i n  the geothermal fields i n  the Imperial Valley 
of California, where much of the U. S. field effart i n  geothermal developmect 
i s  centered. Fortunately, despite the presence of dissolved sal ts ,  the fluids 
a r e  usually chemically reducing, and severe corrosion rates  can be avoided 
by the exclusion of a i r  and by proper selection of materials of conntruction. 
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The exploration for geothermal energy i s  iloving forward, with 
For  example, * e well known reserve  in  numerous examples of success.  

Imperial Val ley has been estimated a s  sufficient to support the generation of 
100, 000 MW for 50 years  of electricity (Ref. 5 ) .  
be inferred f rom the rate  of consumption of electricity i n  California, which 
was about 35, 000 MW in  1973 (Ref. 6) (U. S. total: 300,000 MW (Ref. 7)). 
Other known U.S. reserves  lie explored but dormant in the Mono-Long 
Valley a rea  of California, i n  Beowawe, Nevada, and i n  Sandoval County, 
New Mexico, among others. These reserves  a r e  al l  liquid-dominated fields. 

The significance of this can 

The NSF report Geothermal Energy (Grant GI-343 13) anticipated the 
production of 3 9 5 , 0 0 0  M W  f rom U. S. geothermal resources  by the year  2000. 
-however, this goal is attainable only with developments not yet achieved 
(Ref. 8). If the resources  were largely vapor-dominated, the orderly 
development of the geothermal power industry would be assured. 
the liquid-dominated fields which is prevalent, and the outlook for the 
geothermal industry is not clear.  
which can operate directly on the hot brine. Such a pr ime mover would 
almost certainly be the key to unlocking much of the t r easu re  of geothermal 
energy i n  the U. S. and i n  other liquid-dominated fields all  over the world. 

But i t  is 

There is an acute need for a pr ime mover 

11. HELICAL ROTARY SCREW EXPANDER 

A 62. 5-kVA prototype geothermal power plant ut;iizing new helical 

The prototype plant has been tested and demorctrated by HPC for 
rotary screw expander has been developed by Hydrothermal Power Co., Ltd. 
(HPC). 
extended perio*,s of t ime a s  a total flow wellhead sys tem operating on hot 
untreated brine o r  brine and s team mixtures. 

The helical rotary screw expander is a machine based upon development 
work conducted by Alf  Lysholm in  Sweden i n  the 1930's. 
Lysholm's machinery began to see extensive commercial  application a s  a gas 
compressor.  
with installations involving 100 MW currently in operation. Early i n  1971, 
HPC began development work i n  applying the Lysholrn machine a s  a prime 
mover operating on geothermal hot water and brine. 
has continued to the present. 

By the 1950's 

This application has had continued growth to the present date 

This development work 

The screw expander is a unique positive displacement machine, which 
bridges the gap between centrifugal o r  axial flow type aerodynamic machines 
and reciprocating positive displacement machines. It runs i n  a slower speed 
range without the high radial loads and balance problems characterist ic of 
turbines. 

As a geothermal prime mover, the helical screw expander is a total 
flow machine, which can expand directly the vapor that is continuously being 
produced f rom the hot saturated liquid a s  it decreases  i n  pressure  during its 
passage through the expander. 
stages of s team f lashers ,  all within the prime mover. Thus, the mass flow 
of vapor increases continuously a s  the pressure  drops throughout the 
expansion process,  and the total fluid i s  carried all  the way to the lowest 

The effect is that of an infinite se r ies  of 
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expansion pressure.  
the saturated liquid line for  the total flow. The expansion within the machine 
can be illustratnd with drawings such a s  Fig.  1. The geothermal fluid flows 
through the internal nozzle control valve and at high velocity enters  the high- 
pressure  pocket formed by the meshed rotors,  the rotor case bore surfaces ,  
and the case end face, designated by 
t u r n ,  the pocket elongates, splits into a V ,  and moves away f rom the inlet 
pozt to fo rm the region designated by E. 
lengthens, expanding successively to C, E. and 
the screws appears to  re t reat  axially f rom the expanding fluid. 
fluid at  low pressure  i s  then discharged into the exhaust port. 

The process approximates an isentropic expansion f rom 

i n  the two figures. -4s the rotors 

With continued rotation, the V 
a s  the point of meshing of 

The expanded 

III. SCALE FORMATION, CORROSION, AND EROSION 

Conditions for  mineral precipitation f rom saturated brines within the 
expander occur fo r  several  interrelated reasons,  including temperature 
decrease,  p ressure  decrease ,  solvent removal, turbulence, and the presence 
of nucleation sites.  
deposition sites. 
beneficial results.  
rotor-to-rotor and rotor-to-case leakage clearances disappear and the 
mineralized surfaces a r e  continually lapped; steady state is reached. The 
loss  of leakage clearances results in substantial increase i n  the efficiency 
of the expander. 
u s e  of less expensive fabrication and machining procedures during manufacture, 
and also makes the expander self-healing in the event that scarr ing of the 
case o r  rotors should occur. 
strated to provide excellent protection of the case  and rotors against cor-  
rosion. This protection w i i l  provide greater  flexib,lity i n  the selection of 
relatively low-cost mater ia ls  of construction. Similarly, there  has been no 
evidence of erosion, either because the scale layer  forms  a protective 
coating o r  because the fluid velocities within the machine a r e  not high, o r  
both. 
to be determined for the high-pressure fields. 

The internal surfaces of the expander serve  a s  mineral 
Mineral deposition on these sur iaces  provides several  

The thickness of the mineral  layer  increases until the 

This clearance removal mechanism w i l l  make possible the 

Moreover, the mineral  layer has been demon- 

The effects of much higher velocities by nozzling at the inlet a r e  still 

The lapping process  associated with the minerals which a r e  deposited on 
the machine surfaces within the expander is a source of suspended nuclei for 
additional mineral  deposition and crystallization within the brine. 
nuclei supplement those which form spontaneously throughout the brine in the 
flashing turbulent conditions within the expander. In an experimental inves- 
tigation of mineral  deposition carr ied out i n  October 1971, while operating a 
helical screw expander on Well M-10 at Cerro Prieto,  HPC observed that 
mineral deposition occurred either almost exclusively within the expander 
or  on the seed particles traveling with the exhaust brine. After 307 hours of 
operation, the deposits ranged f rom 5 / 3 2  in.  at the expander exhaust port  to 
1/64 in. 50 feet downstreani. In the absence of the expander, the same  well 
and feeciline plugged shut a 12-in.  diameter exhaust pipe i n  72 to 96 hours. 
An expander with an insufficient expansion ratio was used i n  this investigation, 
and some flashing occurred i n  the exhaust port. 
expander features a la rger  expansion ratio so that very little flashing has 
occurred i n  i ts  exhaust port; no scale deposit problem has been detected 
during over 1000 hours of testing. This characterist ic of mineral 

These 

The present prototype 
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precipitation occurring preferentially within the expander, either on the 
expander surfaces which a r e  self-cleaning o r  harmlessly in suspension, is  
highly beneficial. The tendency to deposit scale  downstream appears to be 
negligible, at least  along an isothermal path. This is important fo r  inter-  
staging a s  well a s  in waste lines. 

IV. EXPANDER ENGINE EFFICIENCY 

Performance tes t s  of the 62. 5-kVA prototype HPC geothermal p o w e r  
plant were performed August 21, 1974, on brine f rom Well 6-1 at the 
U. S. Bureau of Reclamation geothermal test  facility on the East Mesa KGRA. 
The two tes t s  gave results of 65 and 7470 for the expander efficiency compared 
with an ideal machine. The test  results should be considered preliminary 
since no attempt was made to optimize the operating conditions o r  the test  
set-up. (A report of the details of the tests is i n  preparation. ) 

Industrially, the helical rotary positive displacement machine is 
widely used to compress a i r ,  nitrogen, hydrocarbons, and a variety of refrig- 
erants.  As expanders, these machines a r e  used a s  pr ime movers,  accessory 
power dr ives ,  and for temperature reduction in gas cycle refrigeration 
systems. 
typically well i n  excess of 7070 over a wide operating range and a s  high 
as  85%. 

They have been demonstrated to have overall adiabatic efficiencies 

An essential to high engine efficiency is small  leakage past the rotors .  
This requires small  clearances,  both rotor-to-rotor and rotor-to-case. The 
minute clearances brought about by the wet lapping of the mineral  deposits in 
the geothermal expander may lead to  the maximum efficiencies in this new 
uniqu e applic at io n. 

V. SYSTEM EFFICIENCY 

Three energy conversion concepts -- the Flashed Steam System, the 
Binary Cycle System, and the Total Flow System 0 -  a r e  present contenders 
for producing electricity f rom hot-witer geothermal resources.  
Flow System, a s  represented by the Helical Rotary Screw Expander Power 
System, the hot wellhead product follows on isentropic expansion directly f rom 
the wellhead through a two-phase expander to the exhaust pressure  and 
temperature. 
theoretically optimum. In several  excellent papers  (Refs. 9-11), it has been 
estimated that the Total Flow System offers a 60% efficiency gain over the 
other two, assuming that all systems have a 7070 engine efficiency. 
engine efficiencies of greater  than 7070, which seem assured for  the helical 
rotary screw expander, wil l  give the Screw Expander System an added 
advantage. 
resulting from optimistic assumptions including, for example, zchieving 70% 
of the Carnot efficiency for the secondary loop of the Binary Cycle System, 
and perfect steam separatibn i n  the Flashed Steam System. 
experience to date indicates an efficiency advantage of considerably greater  
than 60% for the Helical Rotary Screw Expander Power System operating on 
high enthalpy brines. 

In the Total 

This system i s  thermodynamically the simplest and is 

The 

Moreover, the estimated 6070 efficiency gain i s  conservative, 

Actual field 
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VI. PROPOSED EVALUATION PROJECT 

A project plan has been prepared by the Jet Propulsion Laboratory for 
the evaluation of the Helical Rotary Screw Expander Geothermal Power 
System jointly by JPL and HPC. 
Division of Advanced Energy Research and Technblogy of the National Science 
Fcundation for consideration in the NSF/RANN F Y  1975 geothermal program. 

This  plan has been submitted to the 

Lutially, a modular 1250-kVA geothermal power plant incorporating a n  
HPC Lysholm-type helical rotary screw expander as the p r ime  mover will be 
constructed and then operated on total flow brine to  evaluate its mechanical 
and thermodynamic performance. In the initial work the p r ime  mover w i l l  
be single stage,  expanding to  atmospheric: p ressure  or above. 
interactions with the well and a n  electrical grid sys tem are planned as well  
as an  assessment  of br ine scale forr-ation, corrosion.  erosion, vibration, 
endurance, and other mechanical pyoblems. The work will lead to design 
and cost studies of a broad range of applications followed by the testing and 
evaluation of a completely automated versat i le  pilot mini-plant of 5 to 7 MW 
for wellhead siting in liquid-dominated fields. 

Studies of its 

Hydrothermal Power Co. , Ltd. will build the 1250-kVA power sys tem 
model. 
Laboratory and the Hydrothermal Power Go., Ltd., first using low-saline 
high-enthalpy br ine from. a n  area to  be selected as part of the project,  and 
subsequently utilizing hypersaline br ine in the Imperial  Valley, California. 
It is anticipated that the brine-producing agencies or site operators  wil l  
participate in  the  research at no cost  to  the project. 
additional mutually beneficial research  activities to be carried out jointly 
with other organizations as par t  of the project on a similar basis  will be  
explored ear ly  i n  the project. 

The ensuing research  wil l  be ca r r i ed  out by the Jet Propulsion 

The possibility of 

The overal l  project is planned in  five phases to be managed by JPL in 
approximately the following sequence as shown in  Fig.  2: (1) project 
presentation, power system madule construction, tes t  site selections, and 
research  planning and preparation; (2)  power sys tem characterization and 
evaluation; (3)  longevity testing and interaction studies with the producing 
well and a n  electrical grid system; (4) applications sys tems studies;  and 
( 5 )  design, construction, testing, and evaluation of the pilot mini-plant. 

The research  is expected to  provide the performance maps for  this 
new equipment application for the wide range of conditions which might be 
found in  liquid-dominated geothermal fields. It will deal with the questions 
of performance optimization, expander staging, effects of brine quality and 
non-condensables, sink pressure  and temperature,  br ine management, waste 
disposal, noise, equipment size,  and costs. It will aim at  optimum 
exploitation of the resource.  The concept of the wellhead power plant will be 
examined in  detail. 
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Revised : 
September 27, 1977 

PRECEDING PAGE BLANK NOT FlLMED 

LAND USE AGREEMENT 

Phillips Petroleum Company shall permit JPL to test a prototype total-flow driver, 
Helical Screw Expander, over a wide range of operating conditions and for 
an extended period of time using geothermal fluids at their test site in 
Roosevelt KGRA, Beaver County, Utah, in accordance with the fOll0Whg agtcements: 

(1) Phillips Petroleum Company will be the sole operator of the Plow 
Test Facility including the producing Well 54-3, injection Well 
82-33, pipeline, separator and all associated equipment necessary to 
permlt flow testing the vel1 in continuous, uninterrupted fashion. 

The boundary within which Phillips will maintain absolute operating 
authority of equipment and facilities will be identified vith red 
bands painted on the piping. 

(2) As 801e operator of the Flow Test Facility Phillips Will try to 
satisfy the range of operating conditions necessary for the 
conduct of tests on the total-flow device. 
absolute authority in determining the physical conditions under 
which the Flow Test Facility will operate and will not guarantee 
the range of conditions, duration, quantity or quality of 
fluids provided. 

Phillips Will have 

Phillips intends t o  commence sustained flow in the pipeline 
no later than October 1, 1977. 
to permit operation of a Total Flow Device Test Facility (TFDTF) 
campletely independent of the Flow Test Facility, Phillips Will 
neither delay the initiation of sustained flow for the convenience 
o f  JPL, the operator of the TFDTF, past October 1, 1977, nor 
guarantee delivery of geothermal fluids by that date or any date 
thereafter . 

While the system is dezigned 

0)  Phillips will provide JPL, the operator of the Total Flow Device Test 
Facility with all information gathered related t o  the chesaical 
composition of  the produced fluids. 
be furnished by Phillipa to JPL. 

No other data of any type will 

C41 JPL will be completely responsible for the operation of the TFDTF. 
The facility will include the total flow device and-all related 
monitoring and flow measuring equipment. 

The boundry within which JPL will exercise control and reeponribility 
will also be identified with red bands painted on the piping. 

0 )  JPL vlll operate and maintain the facilities in a rafe, clean and 
workman-like manner. 
standards shall equal or exceed Phillips' standards. JPL will abide 
by all orders dictated by Phillips Petroleum Company when in Phillips' 
judgment such orders bear on the safety and/or security of Phlllipr' 
equipment and/or personnel. 
operation of the TFDTF until an agreement can be reached. 

AS1 safety, engineering and operating 

In the event of a dispute JPL will cmae 
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(6) JPL will provide Phillips with a daily accounting of all geothermal 
fluids utilized by the facility in terms of both heat and mass 
balance. 
can be considered accurate within a range of 2 5%. 

The data Frovided shall be measured in a fashion which 

(7) JPL will maintain a responsible person in attendance at all tlmes 
when the TFDTF is in operation. 

(8) The representatives of JPL, JPL subcontractors, and any other JPL 
visitors to the TFDTF shall obtain Phillips permission to enter 
the job site. 

( 9 )  JPL shall indemnify and hold Phillips and its employees harmless 
from any and all claims and liabilities arising either: 

(a) within the area under the control and responsibility of JPL, 
as described herein, or 

(b) as a consequence of the conduct of operations on the premises 
by JPL. 

Such Indemnity shall specifically include claims of any nature 
whatsoever by employees of JPL against Phillipc or its employees. 

0 0 )  The Institute agrees to maintain the following insurance with respect to 
performance under this Agreement. 

(a) Worker's Compensation and Employer's Liability Insurance which 
complies with statutory requirements of tho Stste of Utah. 

Camprehensive Liability insurance, including automobiles 
bwned, non-owned and leases), covering all liability assumed 
under this Contr %. Such insurance shall be written for a 
combined single limit of not less than $l.,OOO,OOO for all 
deaths, injuries and property damage arising from one accident 
or occurrence. 

The Institute agrees to furnish certificates of insurance to Phillipa 
for the coverage required hereunder, should Phillips 60 request. 

Gl1) The Inatitute agrees that it will not seek to hold Phillips or i t s  employees 
liable for any losses JPL may incur as a result of this operation 
fncluding, but not limited to, damage to its equipment. 
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APPENDIX E 

FLUIDS USAGE INFORMATION 

N o t e s  F o r  T a b l e  4-2 
N o t e s  F o r  T a b l e  4-3 

N o t e s  For 1 9 7 8  D a t a  P l o t s  
D a t a  P l o t s :  1 9 7 8  
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PRECEDING PAGE BUNK NOT FILMED 

NOTES FOR TABLE 4-2 

The 1978 f l u i d s  usage data i n  Table 4-2 c w c r  the period from March 16, 
1978, which was the f i r s t  day o f  test ing,  t o  May 30, 1978, which was the l a s t  day 
o f  test ing.  Most of the e l e c t r i c a l  output and usage data i n  the table were 
obtained by i n teg ra t i ng  the e l e c t r i c a l  power output and f lowrate data i n  plots.  
Where avai lable,  the t e s t  data were p l o t t e d  a t  7-1/2 minute i n t e r v a l s ;  f o r  
purposes of  in tegrat ion,  the p l o t t e d  data points were connected by s t r a i g h t  
l ines.  The durat ion o f  the tds ts  and the water di9rosal  quan t i t i es  were a l s o  
recorl:-d on t o t a l i z i n g  meters. The t o t a l i z i n g  meters and p l o t  i n teg ra t i on  were 
genera i l y  i n  good agreement. Where there were discrepancies, the tab le contains 
best judgment values. Data p r i o r  t o  A p r i l  5 are scant because the data system 
was only i n  p a r t i a l  operation then. 

The temperatures o f  the steam and water from the separator correspond 
approximately t o  saturat ion temperatures f o r  the separation pressure then pre- 
va i l i ng .  
included i n  the p l o t t e d  data. 
because o f  the considerable va r ia t i on  dur ing many o f  the tests ,  especia l ly  p r i o r  
tcr changing the leve l  control  on the separator. 

These temper.itures can be derived from the separator pressure which was 
No attempt was made t o  tabulate the temperatures 

The temperature of  the dispor,;? \dater from ?he Baker tanks ranged from 
ambient a t  the s t a r t  of  each run, r i s i n g  t o  approximately 197°F as the run 
continued, depending on i t s  duration. The steady-state t,emperature correlated 
wel l  w i t h  the barometric pressure and occasiopal l y  signaled weather changes. 

As noted on the table,  f lows o f  water and steam bled t o  keep the pipes hot 
were not recorded; these flows were too small f o r  the f low meters. Bleed water 
which aLcumii:ated i n  the Baker tanks was measured as par t  of the disposal water. 

The quant i ty  o f  f l u i d s  received from the separator and sent t o  disposal d i d  
not show any systematfc re la t i onsh ip  for  most o f  the tes ts  because of the change 
i n  the inventory of water i n  the Baker tanks. i,!o attempt was made t o  express 
t h i s  inventory change i n  amount o f  water because the amount i s  nonl inear wi th  
leve l  i n  par t  o f  the region o f  i n te res t .  

The Baker tanks were emptied i n t o  the p i t  on 4/12, 4/19, 4/23, 513 and 5/6 
t o  permit equipment repai r  and a t  the completion of  the tests .  
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NOTES FOR TABLE 4-3 

The 1979 f i u i d s  usage data i n  Table 4-3 c w e r s  the period f r o m  September 3 ,  
which was dte f i r s t  day o f  test ing,  t o  November 14, the day the well wds shut-in. 
The data i n  the tab le  a r e  from the operating log  p r in ted  automat ical ly by the 
data system (see Figure 2-19) and frorr, readings of  the kWh meter and Eastech 
tot; l iz ing f low meters logged i n  a notebook. The data were f w n d  t o  be 
i n t e r n a l l y  cons is ter t  w d  are bel ieved t o  f a l l  w i t h i n  the 5% ,ccuracy specif ied 
by P h i l  I ips. This it i s  on a d a i l y  basis as speci f ied i n  the  Land Use 
Agreement. 
operating personnel a t  the s i t e  upon request; JPL made no attempt t o  keep ccipies 
o f  these reports. 

Mo?e frequent repor t ing during the t e s t  was made d i r e c t l y  t o  P h i l l i p s  

The temperature of  the steam and water from the seoarator corresponds 
approximately t o  the satura*ion temperature f o r  the pressure then prevpi l ing.  
This informat ion was not included i n  the tab le because it i s  already ki ..tn t o  
Phi 11 ips. 

The temperature of  the water returned from the Baker tanks ranged from 
ambient a t  the s t a r t  o f  each aay and rose t o  approximately 197°F o r  s l i g h t l y  
below the bo: l i n g  temperature a t  that  a l t i t u d e  as the t e s t i n g  proceeded, 
depending on t e s t  durat ic i i  and f lowrate. This was bas combined w i th  water 
f lowing d i r e c t l y  from the separator t c  Well 82-33 f o r  disposal. 

As noted i n  the table, flows of  water and steam bled t o  keep the pipes hot 
were not recorded h c a u r e  these flows here t o  small f o r  measurement by the flow 
meters. Bleed water which accumulated i n  the Baker tanks was measured as par t  of 
the water r+.urned or discarded. Some w a t e r  f rom the Baker tanks was discarded 
i n t o  the p i t  on 9/7, 9/14, 5/15, 10/20 acd 1i/6 t o  permit equipment repai r  o r  
process aajustment and a t  the completion of  the tests.  
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NOTES FOR 1978 DATA PLOTS 

The usage o f  geothermal f l u i d s  by JPL f o r  the t e s t i n g  oc  t he  HSE i n  the 
Roosevelt KGRA brought the requirement that JPL repor t  t o  Ph- , l l ips  the s tate and 
amount o f  f l u i d  used and returned and ',he purpose on a d a i l y  basis. I n  1978 t h i s  
in form?t ion was obtained by p l o t t i n g  versus time and in teg ra t i ng  the f lowrates of 
steam and water received from the FTF, and the f lowrate of the waste water 
returned, the separator pressure, and the e l e c t r i c a l  power produced. The separa- 
t o r  pressure determined the s tate of  the f l u i d s  received, atmospheric b o i l i n g  
temperature establ ished the upper temperature l i m i t  o f  the waste water, and the 
e l e c t r i c  power produced i n  the t e s t i n g  s i g n i f i e d  the usage. The p l o t s  o f  f low- 
r a t e  were integrated w i th  a planimeter t o  give the amount o f  f l u i d  used e < x h  day, 
and the power p l o t s  were integrated t o  give the y i e l d  of  energy. 
p l o t s  were made and a l l  except the 32 pressure p l o t s  were integrated. The work 
was very tedious and time consuming. Because the resu l t s  of  the i n teg ra t i on  are 
presented i n  Table 4-2 and because many o f  the p l o t s  would be o f  l i t t l e  i n te res t  
t o  most readers, the p l o t s  f o r  only some of  the t e s t  days are included i n  t h i s  
report.  A r b i t r a r i l y  included are the p lo t s  fo r  4/20, 5/3, 5/12, 5/14, 5/15, and 
5/22 through 5/30. 
o f  t e s t i n g  tha t  was done on a day which y ie lded only one data set c r i t i c a l l y  
recorded on tape cassette whi le various t e s t  object ives were being attempted. 
Days 5/22 through 5/30 present a graphical recora of  the endurance test ing.  

I n  a l l ,  143 

The p l o t s  o f  4/23 are i n t e r e s t i n g  because they show the amunt 
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APPENDIX F 

TOTAL DISSOLVED SOL IDS 

Well 54-3 Water Analysis 

Constituent Amount, ppm Consti t\ient 

TO S 6440 

Na 2000 Cil 

L i  20 

K 400 

S i  02 3600 

M9 

Fe 

AS 

HCO3 200 NO3 

c1 3600 N"3 

B 28 H2S 

so4 55 Pb 

6.9-7.0 pH conduct iv i ty  1.1 mho/meter 

Amount 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 
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APPENDIX G 

POWER PLANT DRIVE TRAIN CALIBRATION RESULTS ( 3 )  

Al te rna tor  loss @ 1800 rpm 

(1978) a = [35.585 + 5.28 x 10- 6 I 2 + --] 41 kkr 1000 

Where I = armature current 

Or ig ina l  fan required 23.2 hp. Replacement qu iet  fan i n s t a l l e d  January 11, 1978 
required 14.6 hp. Di f ference = 8.6 hp = 6.416 kW. 

Hence , 

a = F29.169 + 5.28 x 1’ t kW ( a f t e r  Jan. 11, 1979) 

Gear Box Losses 

b = [8.5590 + 6.9750 (*$)I a + P  kW 

and 

b = [11 .!I005 + 6.1069 (,mi.)] a + P  kw 

Where Pe = a l t e rna to r  output i n  kW 

3000 rpm input )  

(4WO rpm input )  
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PROCESS CALCULATIONS 

(Based on Process 
No. 1, Figure 5-1) 
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APPENDIX J 

ORIFICE FLOW !lETEKS 

The length and to lerance o f  the o r i f i c e  meter tubes complied w i t h  the 

s p e c i f i c a t i o n s  given i n  t h e  American Gas Associat ion Gas Keasurement Comnittee 

Report Eo. 3, and i n  the ASME F l u i d  Meters Reference Book Par t s  1 and 2. 

Steam 

The o r i f i c e  meter constants were from O r i f i c e  Meter Constants Handbook 

No. 2, revised t o  conform w i t h  A.G.A. Report No. 3 by H. V. Beck, Chief  Engineer, 

American Meter Ccrmpany. 

L i q u i d  

The f l ow  o f  l i q u i d  was determined by the f o l l o w i n g  equation. 

With the u p i t s  i n  American p r l r c t i ce  the  equation can be w r i t t e n :  

7 
i = 359 K d2 Fa \i hwP 

Where 6 = r a t e  o f  f low, l b / h  

K = f l o w  c o e f f i c i e n t  

a 
d = o r i f i c e  diameter, i n .  

= o r i f i c e  area, in. 2 

5-3 



APPENDIX 3 ( ? o n t ' d )  

D = pipe ins id?  fliameter in .  

B = diameter r a t i o ,  d/D 

h = d i f f e r e n t i a l  pressure 

hw = d i f f e r e n t i a l  bressure, inches o f  68 F H20 

P 
'-a 

= densi ty  o f  f low ing  f l u i d  a t  the i n l e t  o f  the o r i f i c e ,  l b / f t 3  

= thermal expansion f b c t o r  of the o r i f i c e  p l a t e  from Figure A 

For the meter tube w i t h  f lange pressure taps located i n  the conventional 

l - i n .  pos i t ion ,  the equation f o r  computing the f low c o e f f i c i e n t  i s  

( 3 )  K = 0,5980 + 0.468 ( B 4  + 10 P I 2 )  = (0.00087 + 0.0081 P 4 )  

whe;e RD i s  the Reynolds nullher based on the pipe ins ide  diameter. 

( 3 )  i s  app l i cab le  f o r  D o f  1-1/2 in.  o r  greater, 0 between 0.15 and 0.7, and RD 

greater than 1000. 

Equatior. 

J -4  



NOTE: The use o f  bronze i n  the p i p i n g  i s  r e s t r i c t e d  t o  temperatures 

below 406 F. 

F I G U R E  A: Ared Factor ( F a )  f o r  O r i f i c e  F l c u  Coe f f i c i en t  Equatioa 

from ASME Power Test Codes 
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R.A. McKay 
F i n a l  h f t  

ACCEPTANCE AND INERFACE TESTING 

A. PURFQSES 

1. To verify that the HPC Power System 76-1 (a) complies with the contract 
specifications as embodied in  Contract 954404, Exhibit 1, and HPC Draw- 
ings B13 and B14, (b) is a complete and functioning subsystem in  com- 
pliance with HPC Drawing B20, and (c) is ready for delivery to  JPL. 

2. To verify that  the interfaces between the HPC Power System 76-1 and the 
JPL support system are correct and t o  demonstrate that the Power System 
and the JPL Control and Instrument Support Van function together as a 
system. 

B. APPROACH 

1. HPC assemble, prepare, and check the Power System i n  ?fission Viejo. 
preparation should include: 

a. 

The 

Preset vibration switches (V,, V2) to  NC ( n o m l l y  closed) plus margin 
a t  rest. 

b. Preset underspeed switch (US) t o  NO (normally open) a t  % 550 Hz. 

c. Preset high o i l  temperature (Om) switch to  NC %5O0F. 

d. Preset low o i l  pressure (LOP) switch t o  NO $10-12 psig. 

e. Preset shaft seal pressure (SP) switch to  NO 5125 psig. 

f .  Preset overspeed (OS) switch to  NC 52200 RPM = 66 Hz. 

g. Preset Stop (S) ra te  for Automatic Stop valve. 

h. Preset Stop (S) ra te  for Governor Override. 

i. Preset Emergency Stop (ES) ra te  for Automatic Stop valve. 

j .  Preset Fmrgency Stop (FS) ra te  for Governor Override. 

2. J P L  assemble and check the Control and Instrument Support Van equipment 
and associated cables i n  Pasadena. 

v2 - v1 - 

K-3 



3. When both assemblies a re  ready, transport  Van t o  Mission Viejo. Park  
along curb toward front  of 25721 Obrero and order a i r  compressors for  
driving Power System. Compressors w i l l  a r r ive  in seven days. When 
they ar r ive  they w i l l  park along Obrero toward rear of 25721. 

During wait for compressors, JPL w i l l  in terface with the Power Systems 
a t  the terminal s t r i p s  TB"EA", TB"EB", and TB"EC" i n  the junction boxes 
as  shown on WC Drawing B20 . As par t  of the  procedure of interfacing 
a t  the  terminal s t r i p s ,  each function possible w i l l  be checked fo r  
end-to-end signal t o  ver i fy  tha t  the JPL and HPC wiring diagrams are 
correct and correct ly  executed and that the nomenclature is mutually 
compatible. 
under S t a t i c  Test Procedure, Section C ,  and the Power System w i l l  be 
checked against  Exhibit 1 and HPC Drawings B13 and B14. 

After the compressors a r r ive ,  the  Dynamic Acceptance and Interface 
Testing w i l l  be performed as described under Dynamic Test Procedures, 
Sections D and E. 

4.  

S t a t i c  tes t ing  w i l l  then be carr ied out as described 

5. 

6. The Load Bank Interface Testing w i l l  not be included in  Mission Viejo 
because of insuff ic ient  power. 
t es t ing  f o r  brine parameters, pressure,  temperature, and flow r a t e  w i l l  
be postponed t o  the f i e l d ,  except tha t  a t  least two unmounted tempera- 
ture and pressure measuring devic2s w i l l  be wired and monitored. 

Also science data i n s t m e n t a t i o n  
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ACCEPTANCE AND INTERFACE TESTING (Cont'd.) 

C. 

1. 

2. 

3. 

4 .  

5 .  

6. 

7 .  

8. 

9. 

10. 

11. 

STATIC TEST PROCEWRE 

Check Batteries. 

Jumper LOP switch. Keep jumpered through step C-22. 

Reset Emergency Stop relay to energize the safety shutdown circuit. 

Verify that the Exciter switch is in Underspeed Bypass position. 

Activate Data Logger and Intercoms. Log SSP --- 
fault. 

Operate pump #1 tqprime lube oi?. system. 

Operate pump #2 .  At 125 psig monitor no fault. Pressurize 
to 150 psig. 
thrust, and throttle position are beilig logged. 

Verify that bearing and winding temperatures, bearing 
See check-list in 

Appendix. 

Momentarily turn (key) Start switch. 
Observe. Lsg . Stop relay should reset. 

Throttle should open. 

Operate pump #3 to open Automatic Stop valve fully. 
b Fress Stop button at power plant. Observe Throttle and Automatic 

Estimate closing time of Automatic -- Stop valve close slowly. 
Stop valve. Log Throttle position. b 

b Momentarily turn Start switch. Throttle should open. Observe. 
Log. Stop relay should reset. 

b - Throttle response must be verified. It may be necessary to monitor 
the Governor Override Stop relay instead. 

- 
Date: Test Staff: 

Notes : 
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12. 

13. 

14.  

15. 

16. 

17. 

18. 

19. 

I b Press Stop button i n  V a n .  -- Observe Throt t le  close and Stop relay 

t r i p .  Estimate closing time of Throttle.  LQg 
7- 

Throt t le  position. - -  
b Momentarily turn S ta r t  switch. Thrott le should open and Stop 

1- 

Log Throttle" posit ion.  -- relay should reset. 

Operate pump #3 t o  open Automatic Stop valve fu l ly .  

Press Einergency Stop button a t  power plant .  
and Automatic Stop valve close rapidly. 
time of Automatic Stop valve. Log Throt t le  posit ion.  

Reset Einergency Stop relay.  Observe Throt t le  open and hergency 
Stop realy reset. 

Press k r g e n c y  Stop button i n  V a n .  Observe Throttle c lose 
and Emergency Stop relay t r i p .  
Throt t le  . 
Reset hergency Stop relay.  Observe Throttle open and hergency 
Stop relay reset. 

b Observe Throt t le  
Estimate closing 
b. 

b 
b Log Throttle posit ion. .  -- 

b 

Estimate closing time of 
b y .  - Log Throttle posit ion.  b 

b 
b Log Throt t le  posit ion.  -- 

b Underset or otherwise t r i p  vibrat ion switch VI. 
Log V1 f au l t  and Throt t le  close and Stop relay t r i p .  

posi t  ion. 
S t a r t  switch mentarily. Thrott le shculd open and Stop relay 
should reset. 

Observe Throt t le  
b -- 

Reset V1. Log no f a u l t .  Turn 
b 

b 

-- 
Log Throt t le  posit ion.  -- 

b - Throttle response must be ver i f ied .  
Governor Override Stop instead. 

I t  may be necessary t o  monitor the 

Date: Test Staff  : 

Notes : 



b 20. Underset o r  otherwise t r i p  Vibration switch V2. Observe Throttle 
close and Stop relay t r i p .  -- Log V, f a u l t  and Throt t le  
posit  ion. 
switch. Observe Throttle open and Stop relay reset. 

b 
L. 

Zeset V2. Log no f au l t .  
b 

Turn Sta r t  
-_I__ 

b Log Throt t le  posit ion.  
b 
b 

21. Open OKT c i r c u i t .  Observe Throttle c lose and Stop relay t r i p .  

-- -- Log OHT f au l t  and Throttle posit ion.  
Restore OHT c i r cu i t .  Turn S ta r t  s w i t c h .  Observe Throt t le  
open and Stop relay rese t .  

22. Turn Exciter switch t o  On posi t ion t o  open US bypass. Observe 
b Log US f au l t  and Throttle c l s e  and Stop relTy t r i p .  

Turn Exciter switch to  US bypass. b Throttle posi t  ion. 
Log no f au l t .  Turn S t a r t  switch. Observe Throt t le  
open and S t a r t  re lay rese t .  Log Throt t le  posit ion.  

b 

-- 

-- 
b 

-- 
b 

b 23. Remove jumper from LOP switch. Observe Throt t le  c lose and 
b Log LOP f au l t  and Throttle posit ion.  - . -  Stop relay t r i p .  

24. Open bat tery c i r c u i t  by pressing Energency Stop button. 
bearing and winding temperature data. 
Appendix. 

Log a l l  
Refer to check-l is t  in 

-- 25 .  Turn off  Data Logger. Turn off  Intercoms. 

b - Throttle response must be ver i f ied.  
the Governor Override Stop instead. 

I t  may be necessary t o  monitor 

Date : Test Staff :  

Notes: 

K - 7  



Revised 12/01/77 
For Test of 12/04/77 

ACCEPTANCE AND INTERFACE TESTING (contd) 

D. DYNAMIC TEST PROCEDURE: MODIFIED START, RUN, STOP 

1. I n s t a l l  c i r c u i t r y  with a u x i l i a r y  switches t o  permit bypassing the  OS switch.  

(This is accomplished by placing a switched jumper  ac ross  t h e  OS r e l a y  

output  and an a u x i l i a r y  switch i n  the  OS switch output  c i r c u i t .  

jumper r e q u i r e s  two switches i n  series, one a t  t h e  s ta r t  s t a t i o n  and one a t  

t h e  backup RPM monitor s t a t i o n .  

The switched 

Place a meter a c r o s s  the  OS switch terminals .  Leave a l l  t h r e e  switches 

i n  closed (on) pos i t i on .  

Activate the  d a t a  logger  and intercoms. 2.  

3. Check f o r  SSP f a u l t  , LOP f a u l t  , US f a u l t  , OS no f a u l t  

4. Cpen a u x i l i a r y  switch i n  OS switch c i r c u i t  (near OS switch) .  Log os 
f a u l t .  

5 .  Jumper US and OS i n  Van. Log US no f a u l t  and OS no f a u l t  

5 .  Inspect  t he  Power P l a n t ,  Van, and C a b l e s  f o r  readiness .  

Verifv t h a t  Main C i r c u i t  Breaker is open. Se t  inhouse breaker  o f f .  

Record cumulative ope ra t ing  time. 

7.  Operate pump #l t o  prime lube o i l  system. 

Date: 

Notes : 
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8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

1 7 .  

18. 

Open s h a f t  guard #l. 

Leave guard open t o  permit use  of s u r f a c e  speed tachometer. 

Check b a t t e r i e s .  Close b a t t e r y  switch.  Log SSP no f a u l t .  

Manually r o l l  over power t ra in .  

Reset Emergency Stop r e l a y  t o  ene rg ize  the  s a f e t y  shutdown c i r c u i t .  

Verify t h a t  Exc i t e r  switch is i n  Underspeed Bypass pos i t i on .  

Verify t h a t  Automatic Stop and Mama1 8" g a t e  valves  are closed. 

Turn on compressors. 

Operl Manual ga t e  valve about 113. 

Check n i t rogen  pressure.  

Log engineering data .  

Hold S ta r t  switch on. - 

With Star t  switch s t i l l  on, ope ra t e  pump #3 t o  p a r t l y  open Automatic Stop 

valve.  Rctat ion should start.  Watch Tachometer and d r i v e  

f l u i d  pressure.  

Release S t a r t  t i t t o n  s l i g h t l y  bel ,  z LOP s e t p o i n t .  Observe Automatic 

Wear ear p r o t e c t i o n  as necessary.)  

Recharge i f  necessary.  

See c h e c k l i s t  i n  Appendix. 

Observe T h r o t t l e  open. 

\latch o i l  p re s su re  t o  bearings.  

Stop valve s tar t  t o  c l o s e  slowly. Arrest with S t a r t  switch.  Log LOP 
f a u l t .  

With Star t  switch held on, ope ra t e  pump #3  t o  p a r t l y  open Automatic Stop valve.  

Observe r o t a t i o n .  Monitor Tachometer and d r i v e  f l u i d  pressure.  

Monitor o i l  p re s su re  t o  bear ings.  

s u r e  is above LOP s e t p o l a t .  Observe p l a n t  continue t o  run, t h r o t t l e d  by 

Automatic Stop valve.  Log LOP no f a u l t .  

p l an t .  

Release S t a r t  but ton when oil pres- 

Observe US f a u l t  a t  

Date: 

Notes : 
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19. Ver i fy  t h a t  l ube  o i l  r e s e r v o i r  tempera ture  is above 60°F. Otherwise,  wait  

u n t i l  i t  is. Then cont inue  t o  open Automr-tic S top  va lve  to  b r i n g  

p l a n t  t o  s t anda rd  o p e r a t i n g  speed accord ing  t o  t h e  fo l lowing  schedule .  

a. Male r o t o r  15GO R P M  f o r  10 minutes  (1/2 speed) .  S t a r t  time. 

End t i m e  . 
T r a n s f e r  c o n t r o l  t o  governor a t  1800 h P M .  b. 

c. Adjus t  governor  and au tomat ic  s t o p  v a l v e  a l t e r n a t e l y  t o  b r i n g  speed  to  

2500 RPM (50 Hz). 

( 5 5  Hz) -- d. Excite governor .  Bring speed t o  1750 RPM. 

e. Turn on inhouse breaker .  Check o p e r a t i o n  of o i l  fan .  

f .  With g rve rnor ,  s lowly  b r i n g  speed t o  3000 RF'M (60 I%). Run 10 

minutes  under goverilor c o n t r o l .  S t a r t  time. While running  10 

minutes  or more a t  Tiorma1 speed ,  perform s t e p s  g through k. 

g. Adjust  v o l t a g e  a t  power p l a n t  KO 480 V. Check remote v o l t a g e  

adjustment  c a p a b i l i t y .  

h. Adjust  f requency t o  60 Hz a t  Power P l a n t  pane l .  Check remote 

frequency ad jus tment  c a p a b i l i t y  . 
i .  Check o p e r a t i o n  of  ammeter a t  Power P l a n t .  

-- S e t  p r e s s u r e  a t  P t o  100 p s i .  1 j . Check g rease r  ope ra t ion .  

k. C a l i b r a t e  tachometer  with f requency meter a t  60.0 Hz. Tacbmeter read-  

ing .  

24 * 

25a. 

C a l c u l a t e  expec ted  r e a d i n g  f o r  65.0 Hz and e n t e r  .n s t e p  

C a l c u l a t e  expec ted  r ead ing  f o r  66.6 Hz and e n t e r  i n  s tep  

-- 
Date : Test S t a f f :  

Notes : 
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20. Close Stop m e t x i n g  valve I r Automatic Stop valve. 

21. 

22. 

Hold speed t o  s t anda rd  oFerat ing R P M  o r  adjur:. speed t o  a v i b r a t i o n  node L f  cne 

appeared during Rtartup. Check ope ra t ion  of V1 two o r  t h r e e  t imes by adj l is t ing 

s e n s i t i v i t y  and adji ist  f o r  normal p l an t  operat ion.  Log V1 f a u l t  and 

then no f a u l t .  -- Turn S t a r t  switch t o  reset Stop r e l ay .  

Check operat ion of V2 two o r  t h r e e  times bj a d j u s t i n g  s e n s i t i v i t y  and a d j u s t  

f o r  normal p l a n t  operat ion.  
Open Stop metering valve. 
With speed adjusted t o  s t anda rd  (60.0 Hz gene ra t c r  and 3000 R P M  male rDtor) 

Lop V2 f a u l t  and then no f a u l t .  

cycle  exciter t o  monitor speed ch.mge. Note t a c h m e t e r  speed change. 

23. Turn on voltmeter t o  monitor OS switch.  

24. Increase speed t o  6 5 . 0  Hz and check tachometer f o r  c o r r e c t  rep;d?ng. Theoreti-  

cal = 3250. Calcvlated.  Observed. 

I f  observed tachometer reading does not. c o r r e l a t e  w e l l  d t h  :he ca lcu la t ed  

value,  s t e p  23, leave e x c i t e r  on and set OS switch a t  65 Bt using freqvency 

meter as speed reference.  

meter. 

c loses .  

Repeat as necessary.  

25. 

Adjust OS switch t o  open a t  high end cf f r q u e n c y  

Reduce speed with governor and no te  speed 3 t  which OS switch 

Inc rease  speed r m t i l  OS opens t o  v e r i %  s e t t i n g .  - 

25a. I f  observed tachometer reading does c o r r e l a t e  w e l l  r f t h  t h e  calcuizced v a l r e ,  

s t e p  23, t u r n  off e x c i t e r  and s e t  OS switch using tachometer as speed r e f e r -  

ence. During t h i s  s tep ,  continuously monitor R P M  and t r i g g e r  Emergency Stop 

i f  RF'M exceeds 3450 kPM. Adjust speed t o  11% overspeed equal  t o  3330 R P M  

male r o t o r  shown on t h e  tachometer as R P M  ca lcu la t ed  i n  s t e p  19k. 

Date : 

Notes : 
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26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

Set OS switch t o  j u s t  open at  t h i s  speed. Reduce speed with governor 

and note speed at which OS switch closes.  Increase speed u n t i l  OS 

opens to  ver i fy  se t t ing .  Reduce speed t o  c lose switch and 

repeat procedure as necessary. 

Reduce speed t o  n o d  and excite generator 

Terminate bypass of OS switch by f i r s t  c losing bypass switch 

opening bypass jumper 

Remove US f a u l t  signal jumper 

Van. 

an; :hen 

and OS f a u l t  signal jumper i n  

Using Manual gate  valve, reduce R?M t o  monitor US t r i p  speed. 

Observe Automatic Stop valve start t o  close. 

Press ES at RPM = 1500 i f  possible  and monitor Automatic Stop valve. 

Log US f au l t .  

Log engineering da ta  at in t e rva l s  u n t i l  restart. 

Open ba t te ry  c i r cu i t .  

Remove meter from Overspeed s igna l  terminals. 

Remove jumper from OS re lay output. 

terminal. 

Reconnect lead  t o  OS switch output 

CL se Manual gate valve. 

Date: 

Notes : 
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E. 

1. 

2. 

3 .  

4. 

5. 

6 .  

7. 

8. 

9. 

ACCEPTANCE AND INTERFACE TESTING (Cont'd.) 

DYNAMIC TEST PROCEDURE: SEMI-NOWL START, RUN, STOP 

Walk around Plant  inspect ion.  

i s  open. Place Exc i t e r  switch i n  U.S. bypass pos i t i on .  

Set  inhouse breaker o f f .  

Manually r o l l  over power t r a i n  and r e - i n s t a l l  guard. 

Verify t h a t  Main C i r c u i t  Breaker 

Log engineering d a t a .  

O p e r a t e  pump 81 t o  prime lube o i l  sys tem.  

Close b a t t e r y  switch.  

Reset ES relav. 

Open rnanual ga t e  valve about 1/3. 

Check ni t rogen pressure.  - 
Hold S t a r t  switch on. Observe t h r o t t l e  open. 

Recharge i f  necessary.  

10. While holding S t a r t  switch on, ope ra t e  pump #3 t o  open Automatic Stop 

valve p a r t  way. Watch Tachometer and d r i v i n g  p res su re .  

tJatch o i l  pressure t o  bear ings.  Release S tar t  switch when p r e s s i r e  

exceeds LOP point  ( -12 p s ig .  1. Plan t  will continue t o  run, t h r o t t l e d  

by S t a r t I S t o p  valve.  

11. Verify t h a t  lube o i l  r e s e r v o i r  temperature is above 60°F. Otherwise, 

w a i t  u n t i l  i t  is .  Then cont inue.  Open Automatic Stop valve t o  

b r ing  P lan t  t o  standard operat ing speed, s h i f t i n g  c o n t r o l  t o  the  Governor 

and T h r o t t l e .  Open Automatic Stop valve f u l l v .  Yonitor 

RPM and pdjust  Governor as necessary.  

Date: Test S t a f f :  

Notes: 
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1 2 .  

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Turn on Exc i t e r .  Watch Voltmeter and Frequency Meter a t  Power 

P lan t .  Look f o r  Ammeter response.  Adjust 

frequency t o  60 Hz with  Governor. Adjust vo l t age  t o  48C V .  

Check O i l  Cooler a i r  flow. 

Cycle t h e  Exc i t e r  t o  check t h e  Governor response.  Monitor e f f e c t  

on frequency. 

Operate p l a n t  t h r e e  hours.  Log engineer ing  d a t a .  Refer 

t o  check- l i s t  i n  Appendix. Ver i fy  Greaser ope ra t ion .  

Observe Automatic Stop va lve  slowly -- Press Stop but ton  i n  Van. 

c l o s e  and b r i n g  P lan& to  a s t o p .  

Turn o f f  Data Logger. Turn o f f  Intercoms. 

Press ES but ton  t o  o;en Ba t t e ry  c i r c u i t .  

Shut o f f  Lompressors. Bleed o f f  a j r .  

Close Manual g a t e  va lve .  

Date: 

Notes : 

Test S t a f f :  
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Local Climatological Data 
Annual Summary With Comparative Data 

1974 
MILFORD, UTAH 

Narrative Climatological Summary 

Milford is locaied in Beaver County in the west- 
central portion of t h e  State. The City is situated 
in a flat to gently sloping *.-alley 15 to 20 miles 
in width. The Mineral Mountains. 10 miles to 
the east of the  station, and the San Francisco 
Range, 15 miles to the northwest, rise about 
5,000 feet above the valley floor. 

The station is in the Sevier River  Basin, and 
drainage is toward the north. The Beaver River 
just to the east  extends north-south through the 
valley, but no significant body of water is reached 
by it. The river is dry most of the time due to  
the low annual rainfall in the area, and to the 
Minersville Reservoir 6 miles east of Miners- 
ville, which regulates the flow of water in the 
stream. Water for the irrigation of agricultural 
land in the valley is obtained from the diversion 
of surface water from t h i s  reservoir and from 
numerous deep w e l l s  

The climate is temperate and dry. The average 
annual precipitation is between 8 and 9 i x h e s ,  
and except for the irrigated land in the vallcJ, 
vegetation is of the %id-latitude stsppe type. 
Only one month, March, has a normal precipi- 
tation amaunt greater than one inch. Irrigation 
water is necessary for the economic productiorl 
of most crops. 

Snowfall is rather evenly distributed dut the 
seascn. The snow is usually light ;nd ,mwuery 
with below average moisture content. January, 
the  coldest month of the year, has  the greatest 
average monthly totaL 

Relarive humidity is rather low during the summer 
months. It increases considerably in the change 
from summer to winter, and winters  a r e  cold 
and uncomfortable. 

qummers a r e  characterized by warm days and cool 
nights. Temperatures of 100" or more occur 
about once in every two years. July is the 
hottest month with maximum temperatures on 
most days c h v e  90'. In four out of five years 
the temperature can be expected to drop to 10" 
below zero or lower. 

The average growing season is 128 days, rather 
short for a station near latitude 38' and at  an 
altitude of 5,028 feet. This is due, in part, to 
the mid-latitude steppe type of climate which 
normally allows strong radiational cooling during 
:he nighttime hours. The average date of the 
last freezing temperature, 32" or lower, in the 
spring is May 24 and the  average date of the 
first freezing ter.perature in the fall is September 
26. 

The longest 2nd shortest growing seasons on 
record are 179 and 80 days, respectively. Con- 
sidering long-term record, freezing temperatures 
have occurred a s  early as August 9, and a s  late 
a s  June 2L 

Diurnal heating is a factor in producing strong 
southerly winds during the sprlng and summer 
months. Winter winds may cause considerable 
drifting snow, with resultant hazards to stock 
and transportation !n the area. 

Low pressure storm systems a r e  r a r e  du ing  the 
summer months. Precipitation during this period 
occurs as showers o r  thundershowers and rainfall 
amounts from these storms a r e  quite variable. 
A s  winter approaches, the number of atmospheric 
disturbances increases, reaching a maximum in 
rhe  spring of the year. 

PRECEDING PAGE B U N K  NOT FILMED 
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APPENDIX M 

WATER CONDUCTIVITIES: NOVEMBER 14, 1979 

Source -- 
Condensate Treatment Tank 

Processed Condensate from H a l l i b u r t o n  Tank 

Shaft  Seal Discharge from Sample Por t  

Lube O i  1 Reservoir  

Baker Tank (waste) 

50% Baker Tank, 50% D i s t i l l e d  

D i  s t i  1 l e d  

Conducti v i  t y  
M i  cromhos/cm 

360 

101 

2,200 

200 

>20,000 

8,000 

7 
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23 

2 4  
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26 
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28 

29 

30 
3 1  

3 2  

SEAL F I L T E R  A P  

OIL RESEVOIR L E V E L  IN .  

M A I N  F I L T E R  No I A P  

MAIN F I L T E R  N O 2  A P  
WATER PUMP P 

WATER F I L T E R  A P  

F L U S H  WATER FLOW NoI 
F L U S H  WATER FLOW N O 2  
F L U S H  WATER FLOW N O 3  

F L U S H  WATER FLOW N O 4  

CENTRIFUGE WATER FLOW 

AIR COMPRESSOR P 

GRE&SE VEE BALL 

c - I I  P w P S I G  
RECIRCULATION FILTER PSlG 
WATER R E S E V O l R  L E V E L  IN 

__- 

-I 

4 

-- ___---__- 

N-3 

BEFORE VEE BALL P I  

AFTER VEE BALL 0 2  

VEE BALL CONDITION 

--- ---__ 
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P1 

11f7.7 
112.2 
112.5 
107.6 
109.4 
I n 7  .fi 
107.3 
106.4 
106.7 
107  .6 
109.1 
lC9.8 
110.7 
3 1 3  .R 
112 .s 
110.1 
1 1 1 . 0  
1 1 0 . 4  
110.4 
SOP .R 
1:J7.0 
i n a  .I 
iin.4 
112 .5  
1 1 n . 4  
113.1 
l C R . 5  
110.7 
1.11 .o 
106.1 

I n s  . p  

1 . 6 Q  

RUN NUYBEF 

f.4 f Tf 

2 9 . 4  350.0 
25.6 350.0 
24.3 350.0 
23.0 350.0 
22.5 350.0 
22.4 250.0 
22.3 350.0 
23.9 350.0 
2 6 . 2  '49.5 
27.q 349.5 
29.6 750 .0  
28.9 350.0 
25.6 350.0 
24.9 350.0 
22.Q 35fl.O 
22 .1  ?50 .0  
22.4 1 5 0 . 0  
22.2 35o.n 
22.6 34Q.5 
24.6 340.5 
26.4 249.5 
28.7 349.5 
29.6 349.5 
2P.3  350.0 

2 4 . 1  250.0 
22.2 ,'50.0 

72.7 349 .5  
22.6 349.5  

2 5 . 8  w . 0  

2 1 . 0  350.n 

2 

v v  Tv 

0.0 183 .1  
0.0 183.6 
0,0 183.6  
0.0 184.1  
0.0 1 9 4 . 1  
0.0 184.6 
0.0 184.6 
0.0 1P4.6 
n.O 1 9 5 . 1  

0.0 186.1 
0.0 lE6.l 
0.9 186.6 
0.0 187.1  
0.0 1 8 7 . 1  
0.0 185.6 

o b @  185 .6  

n.n 188.2 
0.r iep.3 
0.P 188.7 
O.n 19P.7  
fl.0 19P.7 
O.n 183.2  
0.0 159 .7  
0.@ 1P9.7 
0 . P  1 9 0 . 2  
0.0 199.7 

0.0 1 9 1 . 3  
0.3 191.7  
0.0 1Q1.7 

0.0 190.7 

PVFFPCE VFLUE : 

25.0 3 4 0 . 3  0.o 187.4  

T% 

30.0 
27.4 
27.4 
27.2 
27 .3  
29.7 
30.9 
31.0 
31.1 
21.1 
31.0 
2 8 . 2  
2 6 . 1  
24.5 
24 .S 
24.5 
26.4 
27.4 
2 9 . 7  
29.7  
30.5 
3 0 . 8  
29.6 
27.8 
25 .P 
2 5 . 5  
2$ .6 
27.6 
2 8 . 4  
2R .ti 

2e .2 

kw vclt,c arPs 

75.6 472.8 104 .3  
75.6 474.0 102 .0  

77.4 4 7 3 - 7  1 0 5 . 0  
72.6 473.7 9 9 - 0  
75.0 474.3 99.R 
73.2 474.3 0Q.P  
76.2 474.9 102.P 
73.8 474.6 101.2 
73.2 473.4 1 o n . 5  
76.8 472.8 1 0 2 . 0  
79.R 473.4 1 O P . O  
78.6 474.P 1 0 2 . 5  
79.6 473.4 105.8 
73.2 472.5 101.7 
75.6 474.0 1 0 2 . 0  
73.8 473.5 lt'2.R 
74.4 473.7 102.P 
74.4 473.4 l @ l * 2  
73.8 472.9 100.5 
72.6 473.7 93.0 
75.0 473.4 102.0 
76.8 473.1 l f '5 .0  
79.2 475.2 105.5 
79.@ 473.7 1?4 .?  
76 .2  472.5 104 .3  
75.6 473.4 102.0 
72.6 673.7  9 9 . 0  
75.6 473.7 1P2.9 
7 6 . 3  473.7 104.3 

7e .6  474.6 105.9 

75.6 473.6 1 0 1 . 6  

PVPFFCE AESOLUTE V e L U E  OF D E V I A T I O N :  

2.13 0.22 O . P @  2.29 1.Ph 1.6P n,q? 1 . R k  

f rea 

61.2 
60.7 
60.9 
6 0 . 5  
60.2 
60.1 
60.2 
6C . 4  
60.4 
60.3 
60.8 
61.5  
61.0 
61.1 
60.7 
60.3 
60 - 5  
60.3 
40.3 
60.3 
60.2 
60.7 
61.2 
61.3 
60.r 
60.9 

60.1 
F Q  .6 
5 P . t  

c;n . 2  

60.6 

n .34 

Nuaber of c ' s t s  roints f o r  which the  levjaticn 
exceene ?X t h e  averaoe $evia t ior . :  1 
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PUN N U W F P  3 

FI 

1c16.7 
107.9 
109.4 
107.3 
1 0 7  .9 
108.8  
108.5 
108.5 
110.4 
109.4 
110.4 
110.4 
109.8 
110.1 
109.8 
111.3 
i10.4 
110.7 
1013 .Fc 
112.2 
111.6 
110.4 

110.4 
110.7 
1n9 .1  
110 .1  
111.6 
111 .3  
1 1 1 . 0  

110.1 

l Q 9 . 8  

1 .OS 

W f  Tf 

43.7 342.5 
43.3 342.P 
41.0 342.8 
4 2 . g  243.3 
43.3 343.3 
42.1 243.3 
44.4 343.8 
4 2 . 4  343.8 
46.2 343.8 
46.4 343.8 
45.1 243.8 
45.6 343.8 
45.7 343.9 
45.9 243.9 
46.3 343.8 
45 .4  343.5 
45.9 343.5 
46.0 343.8 
45.1 343.8 
51.2 343.3 
46.0 343 .3  
46.2 343.3 
47.6 343.3 
47.2 243.3 
46.2 343.3 
4 9 . 1  343.3 
47.0 343.3 
44.3 343.3 
45.0 343 .3  
47.3. 34 3. s 

FrV TV 

0 . 0  335.4 
0.0 335.4 
0.0 334.e  
0.0 334.8 
b.O 334.e  
0.P 334.8 
0 .0  334.8 
0 .0  334.R 
0.0 334.R 
0.0 334.8 
0 .0  334.8 
0 . 0  334.5 
0 .0  334.8 
0 . 0  334.8 
0 .0  324.q 
O . o  334.8 
0 .0  334.9 
O . Q  334.8 
0.C 334.8 

0.0 334.3 
0 . 0  334 .3  

3 334 .2  
0.0 334.3 
0.0 334.3 
0.0 334.3 
0.0 334.3  
r l 7 0  334 .3  
Q.0 334.3  
0 . 0  334 .3  

0.n 334.3  

AVEFPCF: V 4 L U E  : 

45.5 343 .5  o.n 334.7 

39.7 
3S.Q 
40.6 
4 @  .Q 

40.9 
40.2 
38.3 
36.6 
35  .' 
35.7 
37.0 
3 7 . 4  
37.5 
38.3 
39 .5  
38.5 
3-9.5 
37.4 
36.1) 
34.7 
33.7 
3 P . 2  
38.9 
3P .R 
3? .9 
36.8 
35 . I  
32.6 
35.9 
37.4 

131 .P 
132.6 
2 3 4 . 4  
136 .2  
135 .0  
133 .8  
134.4 
1 2 P . 4  
129 .0  
128.4 
132.6 
132 .6  
130.2 
135 .0  
133.2 
136 .2  
133.2 
1 3 6 . 2  
1 3 6 . 2  
133.2 
127  " 3  
132.6  
135.C 
136.2  
134.4 
135.0 
133 .2  
131 .4  
131.4 
134 .Q 

470.4 
479.7 
479 .1  
480.3 
479.4 
48P.O 

478.2 
4 7 9 . 7  
47$. 1 
479.4 
479.4 
47P.8 
480.6 
479.7 
4 79.7 
475.5 
479.4 
4 7 9 . 1  
480.3 
477.9 

479.7 
479.4 
480.0 
479 .!3 
478 .9 
480.6 
4 R O . O  
480.3 

4 ~ n . 0  

4 ~ 0 . 0  

1 6 5 . 8  
164.3 
166.5 
165 .e  
165  .0 
1 6 5  .0 
165.9 
160.5 
16fl.5 
159 .8  
161.2 
164.3 
159.0 
165.9 
162.8 
167. 2 
1 6 5 . 8  
167 .3  
166.5 
163 .5  
159.5 

166.5 
169.5 
165 .8  
166  .s 
l f i 4 .  ? 
162.0  

1 6 4 . 3  

i m . 5  

162 .0  

37.7 1 3 3 . 2  479 .5  164 .1  

A V E F W E  AESOLUTE V A L U E  OF DFVIPTICN: 

1.43  0.30 0.00 q.26 1 . 6 2  i . . ~ a  0.53 2 . 2 4  

f rea  

61.0 
60 .2  
61 .1  
61.3 
61.4 
61.6 
61.2 
60.7 

.6 
60.4 
60.6 
6 C.8 
60.5 
61.2 
61.1 
6 1 . 3  
61.5 
61. 3 
61.4 

60 .3  

60.9 
61.5 
61.7 
51.4 
g1.0 
60.5 

6 0 . 9  

61.0 

6n .2 

6 n . Z  

6 1  .o 

0 .?6 

Nunber of  d a t a  r c i n t c  f o r  &hick  t h e  ? e v i a t i c n  
exceeds 3 X  t h e  averaae  3 e v i z t i o r :  3 

0-4 



ORIGINAL PAGE IS 
OF POOR QUALITY 

P1 M f  Tf V V  Tv Tb k V  vclts a m s  freu 

120.2 
119.3 
120.5 
121.4 

1?0.2 
119 .Q 

119.6 
119.3 
120.5 
1.20.8 
119 .Q 
121.7 
121.4 
120.2 

121.4 
121.4 

12 1.1 
120.9 
119.6 
119.9 
1.19.6 
119.9 
120.2 
119 .Q 
120.8 
220 . f  
120.5 

120. 5 

120.2 

12n .R 

5n . 5  
51.6 
50.7 
50.5 
51 . 1 
51.7 
50 .R 
51.8 
51.8 
52.6 
51.9 
50.1 
49.5 
49.9 
36.0 
51.6 
50.4 
A!? .9 
51.6 
50.9 
45.8 
54.5 
52.9 
51.2 
5n .i 
50.3 
49. 
52.2 
46.6 
52.1 

352.6 n.0 324.7 
352.0 0.n  323.2 
352 .O 0.0 325.2 
352.6 0.0 325.2 
352.6 n.0 324.7 
352.0 0.n 325.2 
352.0 0.0 325.2 
352.0 0.0 325.2 
352.0 0.9 325.2 
352 .O 0.0 325.2 
352.0 0.0 325.2 
352.0 0.0 324.7 
352.0 0.0 325.2 

352.0 0.0 324.7 
352.0 9 .0  325.2 
352.0 0.0 3.24.7 
352.0 0.0 324.7 
352.0 0.0 324.7 

352 .O 0.n 325.2 

352.0 n.0 325.2 
352.0 n.0 325.2 

351.5 0.0 324.7 

351.5 0 . n  324.7 

351.5 0.0 325.2 

352.0 0.0 325.2 
351.5 0.0 324.7 

352.0 0.0 325.2 
351.5 'l.0 325.2 

352.0 0.0 325.2 
352.0 0.0 325.2 

42 .A  
40.7 
39.4 
39.6 
42 .0 
42 .4 
42 -4 
42 .6 
42 .7 
41.6 
40.0 
39.3 
41.9 
42.5 
42 .O 
40.5 
3 R  .Q 

2 P  .5 
41.5 
41.9 
41.8 
41.9 
41.4 
42 .O 
41.7 
40.1 
39.0 
42.1 
42 .i 
42.6 

18 2.4 
182.4 
177.0 

181.2 
181.2 
1R1.2 
182.4 
181.2 
151.8 

180.6 
192.4 
1e3.0 
192.4 
lP@.6 
179.4 
181.9 
180.0 
181.8 
180.6 
183.0 
192.4 
183.0 
151.2 
179.4 
179.4 
1RO.O 
151.2 
182.4 

i8n.0 

iao.0 

480.n 
480.3 
478.3 
480.5 
479.1 
479.7 
478.8 
478.8 
479.1 
4'9.7 
479.4 
478.8 
480.0 
480.3 
479.7 
479.7 
478.2 
479.4 
475 .R 
479.1 
A78 .5 
480.0 
479.4 
478 .5 
4 7P .5 
475.2 
480.0 
479.1 
478.8 
479.4 

219.0 

215.3 
217.5 
219.8 
219.0 
220.5 

216.3 
219.0 
218.3 
217.5 
219.0 
220.5 
221.3 
216.0 
218.3 
218.2 
215.3 
218 .-7 
219.0 
220.5 
221.3 
2i9.8 
22n.5 
218 .? 
215.3 
218.2 
219.11 
219.8 

n9.n 

220.5 

60.7 
60.9 
6@.4 
60.3 
60.5 
cicl.9 
61.0 
61.1 
61.1 
63.3 

60.3 
60.5 
61.2 
61. _? 
G I . ( !  
60.7 
60.3 
5 C . 6  

51.1 
61.1 
61.1 
61.0 
61.1 
6 0.9 
60.3 
50  .S  
60.9 
61.3 

6n .Q 

6n .9 

PVFPPCE V4LUE : 

120.4 59.4 352.0 u.0 325.0 41.3 181.2 479.3 21R.9 60.8 

PVFPACE AESOLUTE VALUE OF DEVIATION: 

0 . 5 5  1.53 0.1.6 0.00 0.23 1.13 1.07 0.57 1.17 0.27 

blurrber of e a t a  p i n t s  f o r  w h i c h  t h e  d e v i a t i o n  
e x c e e d s  3 X  t h e  averaqe d e v i a t i o n :  6 

0-5 



FClN N W B E R  5 

1 0  

1 0  

P1 Y f Tf P v T I  T% kW . ~ c l t ~  a r p ~  frea 

' 5  .P 
5.1 
5.1 

104.8 
10s 0 1  
104 .2 
104.5 
104.2 
104.5 
104 .S 
104.8 
104.8 
104.2 
104.2 
104.2 
104.8 
104.2 
103.3 
103  .G 
103.9 
103.3 
103.6 
103 .fi 
103.3 
102.7 
103  .O 
103.9 
102.7 
102.7 
102.4 

76.7 
75.7 
76.2 
76.2 
7 6 . 1  
7 7  .P 
77.1 
77.6 
78.3 
78.5 
78.1 
7R .fi 
75.5 
78.6 
7A.5 
78.6 
7 8  .3 
7P .1 
77.8 
7 e  .5 
78.3 
78  .o 
78  .4 
78 .8 
78 .R 
7Q.t' 
78.8 
78 .5 
75.6 
79.0 

156.2 0.0 330.8 
256.2 0.0 330.8 
,155.6 0.0 330.5 
355.6 O.@ 330.P 

355.6 0.0 330.8 
355.1 0.0 330.8 

355.1 0.0 330.3 
335.1 0.0 330.8 
255.1 0.0 330.8 
354.6 0.0 330.3 
354.6 0.0 330.3 
354.6 0.0 330.3 
354.1 0 . P  -J7n .I .3 

,155.6 0.0 330.8 

255.1 0.0 33n.8 

3 5 4 . 1  0.6 330.3 
354.1 0.0 330.2 
354.1 0 . 0  330.3 
354.1 n.O 339.3 
354.1 3.0 339.3 
354.1 0.0 33n 3 
354.1 0.0 330.3 
254.1 0.0 330.3 
1 5 4 . 1  0.0 330.3 

354.1 0.0 330.3 
354.1 0.0 330.3 
354.1 0.0 330.? 
354.1 0.0 330.2 
354 .1  0.0 330.3 

354.1 0.0 330.2 

8 5 . 3  
86.7 
Q7.6 
P7.5 
87.7 
87.5 
87.6 
P7.5 
87.7 
87.6 
87.8 
P7.5 
P7.h 
87.7 
97.8 
? ; . 6  
P7.8 
P7.5 
RE .S 
P8.9 
89.1 
89.3 
89.4 
e9.8 
90.0 
90.6 
90.9 
90 .8  
90.8 
9 0  .Q 

2533.4 
293.4 
294 .O 
295.2 
294.6 
293.4 
293.4 
292.2 
294.6 
294  .C 
294.6 
293.4 
294.6 
2 3 . 4  
293.4 
245.2 
292.9 
291.0 
291.6 
294.6 
293 .A 
293.4 
294 .0 

292  .Q 
293.4 
294 .0 
294.6 
294.6 
2514 .o 

292.a 

479.4 
4 8 0 . 3  
479.4 
479.1 
478.8 
4 7  .7 
4E0.5 
470 .1  
480.6 
479.1 
479.1 
4753.4 
479.A 
479.1 
479.4 
4P3.2 
479.1 
479.7 
480.0 

APft.3 
479.1 
4 7 P . 4  
41P.8 
479.4 
479.1 
474.7 
480.6 
480.6 
479.1 

470.4 

,757.P 60.2 
356.3 5c .1  
357.8 60.3 
360.8 60.4 
359.3 60.4 
,157.8 60.3 
356.3 60.3 

356.3 60.2 
259.2 60.. 
357.8 6 C . 4  
z57.8 6 1 1 . A  
357.0 60.3 
356.3 60.2 
357.0 60.3 
357.0 60.3 
356.? 60.2 
?54.0 60 .1  
355.5 60.1 
359.3 6 0 . 3  
356.3 60.2 
357.8 60.3 
357.0 60.3 
357.0 50 .2  
7 5 6 . 2  60.2 
?56.3 60.2 
357.0 60.3 
357.0 60.4 
357.0 60.4 
357.0 60.3 

257.n 6n.2 

PVEPACE VALUE : 

104.1 7P.O 354.7 0.0 330.4 88.4 293.7 4'1'9.5 357.? 60.3 

PVEPFGE AESOLUTE V4LUE O F  D E V I A T J O N :  

0.71 0.72 0.61 0.00 0.24 i.20 0.76 0.49 9.90 0.07 

Nurber of d a t a  l r o i n t s  f o r  w h i c h  t h e  d e v i a t i o n  
exceeds 2Y t h e  a v e r a g e  d e v i a t i c r . :  3 

0-6 



P1 

3 29.4 
128 .5 
123 .s 
127.9 
127 -'$ 
128.5 
128.5 
128.5 
128.2 
129.1 
129.2 
125.2 
125.2 
128.8 
128 .R 
129.1 
129 - 7  
130 .O 
12P .Q 
129 -4 

122.7 

0 - 4 8  

PUN NliMBEP 

Yf T f  

P7.6 367.4 
82.7 366.0 
82.5 366.9 
E2.3 366.9 
P6.4 2 6  
57.9 366.3 
94.8 366.9 
87.0 356.9 
96.0 366.9 
134.5 366.9 
b 2 . 3  366.9 
S1.R 367.4 
82.5 367.4 
82.0 367.4 
94.7 367.4 
45.5 367.4 
89.6 367.4 
89.6 367.4 
42.0 367.4 
87.2 367.4 

6 

'J v Tv 

0.0 326.7 
0.0 326.7 
0.0 3 2 6 . 7  
0.0 326.7 
0.0 326.7 
0.0 326.7 
0.0 326.7 
0.0 326.7 
0.0 326.7 
0.0 326 .2 
0.q 326.7 
0.0 326.7 
0.0 326.2 
0.0 326.7 
0.0 326.2 
0.0 326.2 
0.0 326.2 
9.0 326.2 

0.0 325.2 
rl.n 326.7 

T% k Y  vcltE arcs 

6P.O 340.8 
68.5 340.P 
68.3 342.0 
69.5 340.8 
68.4 339.6 
68.5 34G.2 
65.5 340.5 
63.5 340.5 
68.5 339.6 
68.8 340.8 
6R.7 242.5 
68.5 340.8 
68.7 342.6 
68.5 342.0 
6P.6 341.4 
66.9 239.6 
66.9 33P.4 
67.5 340.8 
dQ.9  340.2 
67.9 342.n 

475.5 
475.2 
476.7 
4.. 5 -2 
47t .5 
475.2 
476.7 
475.5 
475.8 
476.1 
476.7 
476 -4 
475.2 
477.c 
475.5 
475 .A 
476.7 
476.7 
475.5 
475.5 

412.5 
412.5 
412 .5 
413.3 
413 . 2 
41 1.Q 
411.8 
411.8 
413.3 
413.2 
414 .0 
412.5 
414 S 
413.2 
414 .0 
411.A 
411.0 
411.0 
412.5 
414 .0 

PVFPPCE VALUE : 

Q 0 . 5  367.2 0.0 325.5 69.2 340.P 475.9 412.7 

FVEFPCE AESOLUTE VALUE OF D F V I F T I O N :  

9.59 q.26 0.00 0.23 0.41 0.76 0.56 0.85 

f r e a  

60 -3 
6n.3 
60.4 
6 0 - 2  
60.3 
60.3 
60.3 
60 .2  

Fir) .4 
5 0  .4 
60.4 
60.4 
50  .5 
60.4 
60.3 
60.1 
50.2 

60.4 

60.3 

6n .3 

6 0 . 3  

r! .nc 

cirber of e a t 2  m i n t s  €or which t h e  d e v i a t i o r ,  
e x c e e d s  3X t h e  a v e r a a e  d e v i a t i o n :  3 

0-7 



P1 

1 2 5 . 1  
123.0 
126 - 3  
124.5 
124 .5 
123.3 
12 3.9 
123.3 
123.6 
1’11.2 
124 .S  
125.1 
126.3 
125.1 
126.3 
126  .7 
126.7 
127.3 
1’25 .2 
125.7 
124 . S  

125.2 

1.1 7 
Line*  6‘ Cold: 4 
Line4 8 C o l a  2 
Line#  16 Cola 3 
L i n e s  1 7  C o l %  3 
Line4 1 8  rol* 2 
L i n e #  1 9  C o l a  3 

M f  Tf 

26.6 359.2 
27.3 359.2 
27.5 359.2 
27.2 359.2 
27.6 359.2 
25.5 359.2 
27.6 359.2 
32 .5  359.2 
25.7 359.2 
28.9 359.2 
29.6 359.2 
27.6 359.2 
28.6 359.2 
29.3 359.2 
25.1 359.2 
30.3 355.7 
27.4 358.7 
23.5 359.2 
2 7 . 1  35R.7 
24.3 359.2 
27.1 359.2 

YV Tv 

14.8 303.7 
1 3 . 1  3e3.2 
15.5 383.2 
16.9 383.2 
14.5 383.2 

9.5 383.2 
14.7 383.2 
15 .1  323.2 
16.7 383.2 
19.0 383.7 
13.2 393.7 
13.4 353.7 
15.4 383.7 
1 6 . 1  383.7 
11.6 393.7 
14.0 393.7 
14.0 353.2 
14.2 3P3.7 
16.R 383.2 
15.9 383.2 
15.5 393.2 

4VEFtAGE VALUE : 

27.7 359.2 14.7 383.5 

TS :Y v o l t s  

55.1 
55.0 
56 .O 
55.5 
56.6 
56.6 
56.6 
56.5 
57.0 
56.7 
56.8  
56.2 
55.9 
55.1 
54.6 
54.5 
54.4 
54.5 
55 .fi 
55.9 
56.3 

269.4 J 9 q . O  
270.6 480.6 
270.6 430.0 
270.6 480.9 
270.6 450.0 
269.4 479.3 
270.0 480 .0  
270.6 480.0 
270.6 479.1 
270.6 479.4 
270.0 479.4 
269.4 49cI.0 
270.6 480.0 

269.4 480.9 
269.8 479.4 
270.0 480.6 
270.6 479.4 
271.3 490.6 
279.6 4R0.0 
270.6 479.7 

2 7 x 0  4~10.6 

55.8 270.2 450.0 

NVERAGE ABSOLUTE VALUE OF DEVIATICJN: 

1 . 3 1  0 .13  1.50 0.25 9.70 0.54 0.40 

Number of  d a t a  sets  f o r  w h i c h  t h e  d e v i a t i o n  
e x c e e d s  3U t h e  a v e r a q e  d e v i a t i o n :  6 

arms 

324.0  
324.0 
325.5 
324.Q 
324.9 
324.0 
324.0 
325.5 
324.1) 
325.5 
324.5 
324.0 
324.8 
324.0 
323.3 
324.0 
323.3 
325 .5 
325.5 
325.5 
324.0 

324.5 

0.65 

f rea 

S O .  8 
59.7 
59.6 
60.0 
60.2 
59.9 
59.9 
59.9 
59.9 
60.3 
60.2 
60.3 
60.3 
60.3 
60.2 
5 9  .F1 
59.8 
59.6 
5 9  .A 
59 . s  
59.9 

60 .c) 

9.20 



ORIGINAL PAGE IS 
OF POOR QUALITY 

PUR NWSEF 9 

111.2 74.F 350.3 0 . c  371.3 e7.6 340.2 

111.2 72 .1  350.3 ‘1.0 371.3 e 7 . i  341.4 
1 1 2 . 1  73.P 350.4 n.o 371.3 87.7 242.6 

110.f’ 73.9 350.4 0.0 371 .3  P7.1 340.2 

1 i o . n  70.3 350.2 0.0 371.3 87 .3  340.2 
111.9 P3.5 350.2 0.0 371.3 87.4 342.0 
110.0 76.4 350.2 0.Q 371.4 Q7.4 339.0 
111.5  75 .6  3 5 0 . 2  0.0  371.4 57.4 340.2 

111.2 7 5 . 6  350.0 0.0 371.5 87 .5  341.4 
112 .1  77 .3  350.1 0.0 371.6 87.2 343.2 
310.n 83.6 350.1 0.0 371.6 56.9 340.2 
112.4 75 .8  350.2 0.0 371.6 87.@ 339.6 
1 1 1 . g  75.7 250.1 0.0 371.5 96.4 342.0 
111.2 75.4 350.2 0.0 371.6 8 6 . 2  340.2 
110.6 72.4 350.1 Q.0 371.6 P6.3 341.4 

112.7 67.e 350.1 0.0 371.6 16 .1  340.2 
112.1 7 2 . ~  35o.n 0.0 371.6 85.R 340.2 

l l n . 9  71.4 359.1 n.n 371.5 87.7 341.4 

112.7 74.0 350 .1  0.n 371.6 86.3 343.2 

113.4 76.2 350.1 0.n 371.6 e6 .0  343.2 
111.5 77.7 350.0 0.n 371.5 e 6 . i  342.0 

111.2 77.8 350.0 0.n 371.6 ~ 5 . 7  239.6 
111.8 71.6 350.0 0.0 371.6 86.1  34Q.F 

112.7 76.8 3 5 0 . P  0.0 371.6 P5.4 340.8 
11? .7  75.3 349.9 0.0 371.6 86.P 349.P 
111.2 74.0 349.5 C.0 371.5 €45.4 339.0 

113.7 76.A 249.9 0 . P  371.5 R5.6 342.0 
112 .1  73.0 349.0 0.0 371 .6  P5.7 2 4 1 . 4  
112.4 74.0 349.8 0 . 0  371.6 86.2 343.2 

112 .1  75.6 349.3 n .0  371.6 ~ s . 0  1340.9 

49n.f; 413.13 50 .7  
490.3 4 1 4 . ~  6n.7 
451.5 413.3 6n.6  
480.3 414.9 60.7 
480.9 413.3 60 .7  
480.9 412.5 6 0 . 6  
480.3 413.3 6n.6 
481.2 414.0 60.6 
480.6 414.0 60.6 
450.3 414.0 60.6 
490.3 417.Q 6 0 . 8  
490.0 414.9 60.7 
480.6 414.9 60.7 
4P0.3 4 1 4 . 5  60.7 

4 R 1 . 2  413 .3  60 .7  
491.5 414 .0  60.7 
490.3 414.0 6n.7 
490.6 412.5 60.6 
481.5 414.0 60.6 
480.6 414.3 60.7 
490.3 414.0 60.7 
490.3 412.5 60.6 
481.Q 413.3  60.7 
450.6 413.3 6 0 . 6  
480.3 412.5 6 0 . 6  
490 .9  412.5 G @ . S  
480.3 414.S 40.6 
48f7.9 414.5 60 .7  

480.3 4 1 4 . 8  40.7 

490.9 415.5 F n . 6  

PVER?!CF VALUE : 

11.1.7 75.1 - 7 w . i  0.0 371.S Q 6 . S  341.1 4 5 0 . 7  414.9 60.7 

AVFFACE ABSOLUTE VPLUF OF DEVIATICN: 

n.90 2 . 2 4  p .13  0.00 ‘1.11 0 . 6 5  1 . n 2  n.3R 0.93 0 . n 4  
L i n e t  6 Cc:P 2 
L l n e P  11 C C l *  9 
L!‘re’t 1 2  Cclt 2 
LSpea 1 3  C C ! ~  2 
Line# ? 7  Calt 1 0  

* 

Nxber of ? a t e  se t s  for which t h e  c‘eviet jor!  
exceed: -7X t h e  a v e r s s e  e e v i e t j c n :  E 

0-9 



ORIGINAL PAGE IS 
OF POOR QUALln 

PUN NUKBEP 1 0  

PI 

111.9 
112.7 
1 1 3 . 1  
112.7 
111.5 
111.9 
1-12 - 7  
112.4 
111.8 
112 .1 
112.7 
113.1 
113.7 
113.7 
113.1 
113.4 
113.4 
1 1 2  .I 
113.4 
l l A . 0  

1 1 2  .Q 

n.c7 
L i v e 8  4 Cclp 2 
Ljne* 6 Cc!P .? 
Line8  1 5  C c l *  3 
L i F e 4  20  Celt 6 

M f  Tf 

7 I . 2  749.R 
74.2 349.9 
71.4 349.R 
60.7 349.5 
76 .1  74Q.8 

74.3 349.5 
70.1 249.9 
75.0 349.9 
76.3 340.4 
74.3 349.9 
74.4 '49.8 
71.5 349.5 
76.9 349.8 
74.7 349.7 
75.2 14Q.R 
70.1 349.5 
76.2 249.9 
74.3 349.8 
75.6 3 4 9 - 9  

76.n 349.7 

'V Tv 

0.0 371.7 

n.0 371.7 
0.0 371.7 
0.0 371.7 

n.0 371.5 

0.0 371.7 

Q . n  371.7 
0.0 371.7 

0.t1 371.6 
@.0 371.7 
0.f' 371.6 
0.0 371.7 
0.C 371.7 
0.0 371.7 
o.n 371.7 
0 . r  371.6 

n.p 37q.6 
n.P 371.6 
q.r 371.6 

'7.0 371.7 

PVFPPCE VALUE: 

73.5 349.9 0.0 371.7 

kk- v c l t e  arts rs 

95.8 
A S  .5  
85.2 
85.5 
P5.6 
e5.3 
? 5  .< 

PS .5 
85.6 
e 5  -5  
Q5.7 
55.4 
p5.4 
e5.4 
85.4 
85.4 
85.3 
?5.2 
P'; .I 

85  .a 

340.2 
339.6 
340.3 
340.8 
340.2 
330.6 
340.2 
241.4 
340.2 
342.0 
3 4 2 - 0  
739. 6 
342 .h 
242 .ti 
340.9 
242 .G 
241.4 
342.6 
342.6 
247.2 

481.5 
480.6 
481.2 

480.9 
480.0 

480.9 
481.5 
491.2 
480.0 
490.0 
480.0 

491.2 
45n.6 
4!3@.3 
4 R Q . O  
480.0 
480.0 

48o.n 

480.0 

4811.3 

414.0 
413.3 
414 . O  
415.5 
413.2 
412.5 
4 1 4  .O 
414.8 
414.f'. 
413.2 
414.0 
413.3 
4 1  5.5 
414 .0 
414.0 
d l 4  .0 
412.5 
412 .s 
a15.5 
416 - 3  

PVFP?WE 4FSOLUTE VALUE OF DEYIPTIOK: 

2.5s n.n-, n.00 0.n3 0.13 1.m n.=n 0.7'; 

f r w  

hn.8 
6n  .7  
60.6 
60.7 
6n.7 
6 q . 6  
c;n .6 
m .7 
~ n . 7  
60.7 

m . 7  
60.7 

60.1 
60.7 

6n.7 
60.7 
60.9 
60.7 

hn .7  
c;n - 7  

6 0 . 7  

9 . 7 7  

WJurrher of e a t ?  set.; for  which t h e  eevjztior 
e x c e e d s  3X t h e  averaae  c'eviatior: 4 

0-1 0 



P1 

104 .I 
103 .S 
1 F3.2 
103.5 
102.3 
100.7 
132.0 
l . O ?  .1 
IO? .f 
1-05 .I 
10; .: 
104 . .* 
IO6 .3 
1 n7.3 
1 07 .R 
IO9 .7 
l! n.9 
11 0.9 
1 1 f l . G  
111.8 

3 0 5 . 6  

3.02 

F U N  NUPBEP 

b’ f T f  

60.6 356.1. 
5 9 . 2  756.1 
57.C 356.1 
5P.0 356.1 
c5 .7  2 5 6 . 1  
54.6 3sii,1 
61.2  356.1 
62.3 356.2 
62.7 356.2 
65 .3  356.1 
61.5 356.2 
67.0 356.2 
6 6 . 8  356.2 
70.n 356.3 
6 9 . 5  356.3 
64.0 356.3 
6 1 . 6  3c6.3 
5 1 . 5  356.7 
59 .9  356.2 
60 .7  356.3 

11 

md v Tv 

3.g 376.0 
0 . @  375.8 
0 . 0  375 .s  
0.0 375.3 
0.0 374.9 
0.0 374.4 
0 . 0  373.9 
0 .0  373.3 
0.0 372.9 
0 . 0  372.4 
0.0 372.1 

9.0 372.0 

0.0 372.3 
0 . 0  372.4 
0.0 372.3 
n.O 372.0 
0.0 371.6 
n.0 371.2 

0.0 372.0 

n . F  372.1 

PVEFBCE V4LUE : 

62.0 356.2 0.0 373.2 

T?i 

97 .7  
9 7 . 6  
P7.7 
07.6 
97.9 
99.4 
99.4  
9Q. 7 
99.5 
99.6 
99.6 
99.6 
95.1 
O ?  .3 
03.. 6 
90.1 
P8 .5 
P 7 . 5  
96.2 
p5.3 

kW 

737.2 
337 .? 
,736.6 
317.2 
’35.4 
335.4 
335.4 

337.9 
342.0 
342 .O 
343 .Q 

342.6 
343.n 
3n0 .9 
342.0 
342.6 
340.8 
339.n 
339.0 

336 .n 

vcl ts  

4RO.7  
480.3 
480.0 

491.8 
4 P 1 . 8  
4 P 1 . 2  

490.3 
479.4 
481.c 
4 9 0 . 9  
4R0.6 
4 4 0 . 3  
AP0.7 
4110.3 
490.6 
481.2 
440.6 
491..5 

4 ~ n . 6  

48n.o 

95 .1  739.2 AP0.7 

PVFPFCE AFSOLVTE V4LUE OF DEVIATION:  

3.16 0 . 0 5  0 . Q f l  1.32 4 .35  2.54 0 . 5 2  

a w x  

400.5 
4 0 9  .R 
409 .0 
409.5 
405.8 
405 ,s  
405 .Q 

411.0 
415.5 
4 1 4  .O  
4 1 6 . 3  
415.5 
4 1 4  .Q 

4 1.4 .p. 
415.5 
415.5 
413.3 
413.?  
410.3 

407.3 

4 1 l . C  

3.34 

frea 

6r1 .5 
60.4 
60.4 
6 0 . 3  
69.2 
6 0 . 0  
6n.0 
6n .o  

5n.7 
hr1.2 

61.n  
6 1 . 2  
51.2 
61 .l 
61.1 
61 .1 
61 .0 
61.0 
6 0  .q  
69.6 

60.6 

n.37 

Nulrber of d a t a  sets fcr whjch t h e  ? e v i a t i o n  
exceeds 3Y t h e  a v e r a a e  l e v i a t i o n :  n 

0-1 1 



ORIGINAL PAGE IS 
OF POOR QUALITY 

PUN NUVBEF 12 

L i n e t  
L i n e 8  
L j not 
L i n e t  
L i n e #  
L!ne% 
L j n e #  
L l n e t  

P1 

1 7.E 
107.6 
107 .FI 

106.6 
107.2 
107  .5 

107.5 
107.5 
107.2 
107  .$ 

107.2 

107.5 
105.6 
108 .1  
10R.1 
? 0 8 . 1  
1 O P . 1  
107.8 
109 .1  
1r)e .1 
10P. l  
107.8 
109 .1  
196.9 
107.2 
107 .5 

107.2 

1-07.9 

137 .5  

1w.i 

107 .6 

0.38 
1 C c l e  5 
4 C c l Q  2 
7 C c l f f  3 

1 3  Cc18 10  
20 Cc l ,  3 
2 5  CCIS  3 
27 C c l a  3 
28 C c l f r  3 

M f  Tf 

61.0 355.9 
60 .3  355.0 
61 .5  355.0 
59.1 355.9 
6 l . P  3 5 5 . 9  
60.3  355.Q 

51 .7  355.9 
59.9 355.9 
61.0 355.9 
61.3 355.9 
61.6 355.9 
60.6 355.9 
62.1 355.9 
6l.6 355.9 
s 9 . s  355.9 
62.5 355.9 
60.6 355.0 
61.6 355.9 
61.2 355.8 
60.0 355.9 
60 .9  355.9 
61.7 355.O 
51.2 355.9 
62 .0  355.9 
51 .5  355.9 
60.7 355.8 
61.2 ?55.9 
62.3 355.9 
61 .0  355.0 

6 n . P  355.3 

M V  

O.P 

Tv 

5 .O 
0.0 354.7 

0.0 354.6 
0.0 354.6 
0.0 354.5 
0 .0  354.5 

0.0 354.6 

n.n 354.4 
0 . 0  354.4 
0.0 354.4 
0.11 354.4 
n.O 354.4 
0.0 354.4 

0.0 354.3 
0 .0  354.2 
0.0 354.2 
0.0 354.2 
n.O 354.2 
0.0 354.2 
0.0 354 .2  
P.@ 354.1 
0.0 354.1 

n.c 354.0 
n.? 353.9 
0.0 353.0 
0.P 353.3 
0.0 352.8 
0 . P  353.7 

0.0 354.4 

0.0 354.n 

AVEFACF VALUE : 

61.1 355.9 0.0 354.3 

Ta kt ’  

92.4 239.0 
9 2 . 4  339.6 
92.3 330.C 
92.3 33P.4 
92.4 339.C 
92.2 737.9 
92.4 340.2 
92 .2  339.0 
02.4 339.4 
92.3 339.0 
92.4 339.6 
92.1 339.0 
92.2 339.6 
92.0 339.0 
Q !  .a 33R.4 
91.9 339.6 
91.9 339.6 
91.8 339.n 
91.9 779.0 
91.8 339.6 
91.8 339.6 
91.5 338.4 
91.9 339.6 
01.7 73P.4 

91.7 ?39.6 
01.8 339.6 
91.0 339.6 
91.6 338-4 
9 1 . 3  330.6 

91.9 339.1) 

92.0 339 .1  

FVEFACE APSOLUTE VALUE O F  DFVIPTION: 

n .61 C . n 2  0 .00 0 .23  0.22  O . d 6  

vvltc 

480.Q 
479.4 
d R 1 . 2  
479.7 
4Q0.h 
479.7 
4 9 0 . 0  
430.9 
470.7 
491.2 
479.7 

4Fl0.6 

4R1.3 
479.7 
481.2 
479.7 
4 8 1 . 2  
479.7 
4 9 1 . 2  
480.@ 
479.4 
481.2 
480.0 
4 8 1 . 2  
479.7 
480.3 
4P0.3 
479. 4 

450.6 

4 ~ 0 . 0  

480.3 

0 s o  

emnc 

4 1 0 . 3  
412.5 
411.0 
412.5 
411.0 
4 1 1 . n  
4 1 2  .5 
412.5 
4 1 2  .q  
4 1 1 . 0  
412.5 
411.8 
411.R 
4 1 2 . 5  
410.1 
411 .Q 
411.R 
412 . q  
411.8 
4 1 2  .5  
4 1 1 . 8  
411 . O  

411.0 
413.2 

412.5 

410.3 
411 .S 

4 1 1 .  n 

411.3 

410.3 

411.7 

n .71? 

f reo 

60.5  
6r) .5 
6 0 . 6  
6 0 . 5  
60.6 
60 .5  
6;n.F; 
6 0 . 5  
Gn .s 
5 0  .d  
6 0  .6 
60.6 

5 0  .G 
6n .7 

Fin .6 
tin .5 
Gn . h  
FiP .6 
60.6  
6 0 . 5  
60.6 
60 .5  
60.5 
f iC .6 

60 .6  
6n.5 
6 n . 5  

60.6 

60.6 

6n.5  

60 .r; 

0.03  

Nurber of  e a t a  s e t s  f o r  whjch t h e  d e v i a t i o r !  
exceees 3X t h e  a v e r a a e  f e v i a t i o r :  9 

0-1 2 



P1 

147.5 
147.5 
147.5 
147.8 
1 4 7  .S  
147.5 
1 4 7  .E; 
147.5 
147.5 
147.8 
14 7.9 
1 4 7  .I) 
149.1 
147.8 
148 .1  
141' -1 
147.8 
14t? .1 
147.n 
14R -1 

1-47 .? 

r! .21 
Ljne* 1 7  ColS 2 

RUN NUPBEP 

Mf Tf 

61.3 356.9 
62.5 356.0 
62.9 356.0 
61.8 356.0 
62.1 356." 
61.2 356.0 
62.8 356.0 
62.2 ,756.1 
61.e 356.1 
61.7 3S6.? 
6 2 . 1  356.1 
62.1 356.1 
61.6 356.1 
62.1 756 .1  
63.2 '56.1- 
6l.E 356.1 
59.6 356.1 
60.3 355.1 
61.7 356.1 
62.7 7 5 6 . 1  

13 

Y V  T V  

0.0 345.5 
0.c  345.6 
0.0 345.6 
0.0 345.6 
0.0 345.6 
0.0 345.6 
0.0 345.6 
0.0 345.5 
0.0 345.4 
0 . 0  345.5 
0.0 345.4 
0.0 345.4 

0.0 345.3 
0.0 345 .1  
0.0 3 4 5 . 1  

0.0 345.1 
0.0 3 4 5 . 1  
0.0 345.1 

0 . 0  345.3 

0.0 345 .1  

PVFPACE VA'JUF : 

61.9 '55.1 0.0 345.4 

41.P 337.5 
40.5 336.6 
40.8 337.9 
40.7 23e.4 
40.9 337.A 
40.9 338.4 

40.9 337.2 
411.5 ,737.2 
40.8 326.6 
40.6 337.2 
40.8 337.P 
40.9 337.8 
40.7 ,737.2 
40.5 337.2 
4C.4 226.6 
49.5 3 3 6  
40.5 338.4 
40.6 337.9 
4 C . 4  '37.2 

60.9 3 3 8 . 4  

479.4 

4n0.0 
481.2 
480.0 
480.3 
4R0.3 
4RO.0 
480.0 
4RO.O 
480.9 
470.7 

4P0.0 

451.2 
470.7 
490.9 
479.7 
490.0 

a9n. r! 

490.1! 

4sn.n 

410.3 
408 .3  
4 X O . ?  
410. ? 

410.3 
411.0 
41Q.3 
4 00.5 

409.5 
4r)P .P 
4 1 1 . "  
410.7 
40?.5 
40R .o 
4nQ .0 
400.5 
410.3 
610.3 

4 1 i . n  

4 m . s  

4L .7  337.5 4RO.l 4 f l Q . R  

PVFFAC€ AESOLUTE VFLUF O F  DFIVIATION: 

0.61 n.05 0.00 0.20 0.16 0.54 0 . 7 9  0.75 

f rea 

60.4 
60.2 
6 0 . 3  
60.? 
60.4 
60.4 

60.4  
50.3 
60.2 
6 0 . 3  

61r.4 
6P.4 

60.2 
6q.2 
60.3  
6n.3 
6 0 . 3  

6n.4 

.3 

~ n . 3  

r;n .3 

0 . o s  

E'urrber cf d e t s  s e t s  fo r  which the d e v i a t i o n  
exceeds 3X t h e  averaae S e v i a t i c n :  1 

0-1 3 



ORIGINAL PAGE IS 
OF POOR QUALITY 

P1 Pf T f  'V Tv TP; kF v c l t s  ZWEF f r e a  

1,7e.9 67.Q 
138.6  67.P 
1 3 P . Q  66.0 
13P.6 67.2 
138.0 67 .2  
128.6 67.4 
138.6 06.9 
13R.Q 6 7 . 3  
138.9 66 .6  
13A.9 6 6 . 4  
138.6 66.9 
138.6 57.4 
1 3 P . Q  70.9 
1.3e.3 67.2  

13P.0 67 .5  
137.7 69.7 
137.7 67 .6  
137.7 rj7.n 
137.7 66.5 

1m.n 67.9 

352.2 
152.2 
352.3 
?52.3 
252.3 
2'52 - 3  
352.4 
352.3 
352.3 
3'52.4 
352.4 
3 5 2 . 3  
352.3 
352.3 
252.4 
352.4 
352.3 
352.3 
352.3 
352.3 

3.0 330.q 
q.0 339.9 

0.0 339.7 
0.n  330.9 

0.0 339.7 
0 . 0  339.7 
0.0 339.6 
O . @  339.5 
0.0 339.5 
9.0 339.5 

0.0 339.5 
0.0 339.5 
0.0 339.5 

r ) .Q 339.5 
0 .0  339.5 
0 . 0  339.4 
9 . P  339.4 
0 . 0  339.3 

0.n 339.5 

n.n 339.5 

q o . 1  337.R 
49.9 ? ? 7 . 2  
7 O . l  '37.R 
50.0 337.2 
5 0 . 0  337.2 
5 0 . 0  3 3 ~  
5 0 . 1  337.2 
513.2 337.2 
50.2 736.6 
50.2 336.0 

q0.5  337.2 
50.4 337.2 

53.2 342.6 
52.6 342.n 
52.P 340.2 
51.7 73e.4 
51.6 330.0 
5l .R 33o.n 

s n . 4  337.2 

53.2 3 4 0 . 8  

4P0.Q 410.3  6 0 . 1  
4 R 1 . 2  4f7P.R 60.1 
4 ~ 1 . 2  4 0 p . 3  6n.o 
4 a 1 . 2  4 0 ~ 3  6n.1 
451.2 4 0 ~ ~ 8  m.1 
4R0.9 4 0 P . 9  60.1 
4P0.3 400.5 6 0 . 2  
480.0  409 .5  6 9 . 1  

490.n 4 c o . 5  60.0 
48rl.O 410.3 6n .n  
47q.7 410.3. 6 n . l  
4R0.0 400 .5  60.1 
4 R n . 0  4 1 d . R  6 0 . 5  
4.90.9 415.5 60.4 
48O.f' 415 .5  60.R 
451.2 412.5 k 0 . 5  
450.0 411 .9  6 0 . 4  
4P0.3 411.8 G0 .7  
4 8 1 . 5  411.0 6n .3  

490.0 400 .5  6n. i  

PVFPWE VALUE : 

13R.4 67 .5  352.3 0.0 339.6 5 0 . 9  33n.7 4 w . q  d i n . 7  t io.2 

PV'EFVE AESOLUTE VALUE OF DEVIATIOY: 

n . 4 2  0.70 0.03 n.so 0.11 0.98 1 . 6 7  0.55 1.76 0 . 2 1  
L i n e #  13 c l a  2 
L i n e P  15 Ccl? 7 
L i n e 4  1 7  Ccla 2 

Nmber of d a t c  sets for which t h e  d e v i a t i o n  
exceeds 3Y t h e  a v e r a a e  2 e v i a t i o n :  3 

0-1 4 



ORIGINAL PAGE ! S 
CF PO3Y Q'Jk iTY 

P U N  NUMPEP 1 5  

P1 

124 .(! 

1 2 6 . 0  
1 2 6 . 0  
1-25 .o 
126 .o 
126.3  
126 .3  
126 .o 
226 .P 
1.26 .o 
1-26 .0 
126 .0 
1-26 .o 
125 .o 
126 . P  
1zr; .0 
126.3  
1 2 6 . 3  
126 .o 

i26.n 

126 .n 

0.10 
L i n e #  1 C o l t  3 
L i n e @  1 6  C c l #  1 

K f  Tf V V  Tv 

92.7 
92 .7  
91.9 
92 .3  
9 2 . 1  
91.0 
92.5 
9 2 . 8  
0 2 . 2  
9 2 . 2  
9 2 . 5  
0 1 . 6  
Q2.P 
9 1 . 7  
02 .  p 
9 3 . 8  
9 2 . 5  
91.6 
92.5 
01.7 

344 .Q 0.0 241.9 
344 .9 P.9 2 4 1 . 7  
344 .9 P.0 241.6 
344 .8  0 . 0  241.5 
3 4 4 . e  0 . 0  241.5 

344.9 0 . 0  241.5 
3 4 4 .  0.Q 241.5 
344.9 0.0 241.4 
,144.7 0.0 241.3 
364.7 0 .0  241 .3  
344 .9  0 . 0  2 4 1 . 2  
?44.R O . P  241.1 
344 .Q 9 . 0  241 .0  

344.9 0 . 0  241.P 
3 4 4 . 5  0.0 240.9 
344 .p  0 .0  246.9 
354.Q 0.0 2 4 n . S  
344 .s  O.n 240.9 

344.8 0.0 241.5 

344 .Q 0.0 241.0 

F V F P W E  V4LUE : 

9 2 . 3  344.8 0.0 241 .3  

5 3 . 5  345.6 477 .3  
63 .6 346.13 477.0 
63 .5  346 .2  477." 
6 3 . 3  346.2 477 .0  
63.6 346.2 477.3 
6 3 . 3  346.2 477.9 
63.4 346.2 476 .7  
63 .5  346.R 478.2 
63 . 3  345.6 476.7 
6 3 . 5  346 .2  475 .7  

63.3 346.2 4 7 6 . 7  
6 3 . 5  346.2 4 7 7 . 0  
6 3 . 3  346.2 477 .9  
6 3 . 3  3 G . 2  477 .9  
6 3 . 5  346.8 476 .7  
6 3 . 3  346.8 4 7 7 . 3  
6 3 . 5  346 .2  4 7 6 . 7  
63.4 146 .2  4 7 8 . 2  
5 3 . 3  346.9 477.P 

5 3 . 3  345.6 a77.9 

4 2 1 . 5  
421.5 

422.3 
420.8 
420 .8  
422.3 

421 .5  
421 .5  
429.R 
421.5 
420 .Q 
420.8 
4 2 1  .s 
421.5 
421 .5  
1 2 0 . 9  

422.3 

4 w . q  

v 9 . q  

42n.9 

63.4 346.3 4 7 7 . 3  421 .3  

PIVFF4W 3PSOLUTE VALUE OF DEVIATION: 

0 . 4 1  0 ' 3  0 .00  0 .27  0 .10  0 .27  0.4R g . 4 7  

f rea 

6 P . P  
6n .9 
60.9 
6rl.9 
6 0  . A  
cin .9 
60.0  
60 .9 
60.8 
6O.Q 
60 .R 
6rl . o  
C j Q  .n 

6n .9 
rlr .a 
60.9 
60.9 
60.9 
50 .9  

6n  .a 

60.9  

0 . n 2  

Nu.rh;cr af d e t a  sets f o r  wbich t h e  6eviation 
e-tcF-rl?s i Y  the averaoe  eeviation: 2 

0-1 5 



ORIGINAL PAGE IS 
OF POOR Q U A L l n  

PUN NUYBFR 1.6 

i 
i 

kk' V C J ~ F  ~ F D E  f r e a  P ?. '6 f Tf !1V Tv P 

112.5 117.0 
115.5 115.8 
13.5.2 115.7 
115.2 115.6 
115.2 115.2 
115 .2  115.7 
1 1 5 . 5  115.7 
115.8 118.0 
115.2 116.5 
1 1 5 . 5  116.2 
115.5 135.5 
11-5.5 116.6 
115 .2  1 1 6 . 1  
115.2 115.3 
115.2 115.6 
115.2 116.4 
115.5 1 1 5 . 4  
1 1 5 . 2  1 l i . 2  
11.5.2 1 1 5 . 5  
115 .2  1 1 5 . 3  

339.5 0 . n  223.9 P 1 . 2  351.n 

339.5 0.0 223.9 80.9 351.0 
339.5 0.0 23?.9 P l . 0  3q1.0 
739.5 O . C  223.9 81.2 351.6 
339.5 9.0 223.9 91.1 351.6 

330.5 n.0 221 .1  R @ . Q  350.4 
339.5 0.0 223.9 P0.9 350.4 
320.5 @.Q 233.0 (r1.0 351.n 
3 36.5 O.C 222.9 81.2 351.0 
339.5 n.O 223.9 P1.2 350.4 
,730.5 0.0 223.9 F 1 . l  350.4 
339.5 0.0 223.9 81.0 350.4 
339.4 0.0 222.9 R 1 . l  351.0 
'39.5 9 . P  223.0 Rl.1 3SO.4 
,730.5 Q.0 223.9 P 1 . n  3 4 9 . 5  

330.4 0.0 223.9 k1.2 749.P 
330.4 0 .P  227.9 R1.1 349.P 

330.5 n.0 223.9 81.0 351.') 

3 3 0 . 5  0 .0  223.9 a 1 . v  350.4 

?39.4 0.0 223.9 81.2 349.8 

477.6 426.0 60.7 
477.0 4 7 6 . 9  6 0 . 7  
477.6 426.A 60.7 
479.2 426.3 60 .7  
477.0 4 2 6 . f  60.7 
476.7 427.5 60.6 
476.7 426.P 60.7 
476.7 426.8 60.7 
477.3 426.R 6 0 . 7  

477.6 426.0 60.7 
4.76.7 426.8 60.7 
476.7 427.5 69.6 
47?.? 426.P 60.6 
477.6 4 2 ' i . P  6 0 . 6  

477.0 426.9 6 0 . 6  
477.3 A26.R 6 0 . 6  
456.7 A?6.P Fifl.6 
477.3 426.0 60.4 

478.2 426.0 60.7 

476.7 437,s sr.5 

FVFFFCF V 4 L U E  : 

115.3 216.1 339.5 Q.0 223.9 P l . 1  750.6 477.2 4 2 6 . 6  G P . 6  

PVFFACF AFSOLUTF V A L U E  OF DFVIPTION: 

Vurrber of  d t t s  s e t s  f o r  whjch t h e  deviatio! 
excee?!s 3X t h e  averaoe deviaticn: 1 

0-1 6 



PUN NUW3FF 1 7  

P 1. b' f Tf 

113.4  75F.4 23q.F; 
113.4 157.6 335.4 
13-7.1 159.6 375.4 
1 1 3 - 4  1 5 7 . 5  375 .4  
1 1 3 . 3  157.1  735.5 
113 .4  1 E P . 5  335.5  
11: 7 15P.I)  335.6 
1 1 3 . 7  1 5 9 . 5  3 3 = . 6  
113.4 1 5 6 . 5  3 3 5 . 7  
1 1 3 - 4  157 .5  335 .7  
113 .7  1.5R.7 335.7  
1 1 3 . 4  15P.6 3 3 5 . 7  
1.13.7 157 .6  3 3 5 . 7  
113 .7  159.0 335 .7  
113.4 157 .2  335.7 
113.7 155.P 335.7 
1?.3.7 1 5 7 . 0  325 .7  
112.7 1 5 7 . q  3 3 5 . 7  
1.13.7 l C h . 2  '35.7 
1 1 3 . 7  1 5 6 . 7  335.7  

MV Tv 

0.0 223.9 
0.0 2 2 1 . s  
n.0 227.9 
0 . 9  223.9 
q . 0  223.9  
0 . 0  22?.9 
n.0 223.9 
0.0 223.9 
0.0  223.9  
0.0 223.9  
0.0 22? .9  
0.0 2 2 2 . 9  
n.0 223.9 
0 .0  222 .Q 
0.n 723.9  
0.0 222.Q 
0 .0  223.9 
0.0 223.9  
n.n 223.9 
0.0 222.9 

PVFFPCF VALUP : 

113.5 l E 7 . 6  335.6 0.0 2 2 3 . 9  

P7.3 357.6 473.7 
P5.2 357 .0  473 .1  
P4.4 757.0 477 .2  
PS.2 357.0 471.9 
P5.2 757.0 472.q 
P5.2 35R.1 473.6 
9 5 . 3  358.2 4 7 3 . 4  
85.3 358 .0  4 7 3 . 4  
8 5 . 2  35R.P  473.1 
P5.2 350.4 472 .2  
P5.1 75P.2 472.11 
P5.3 3 5 9 . 8  472.2  
9 5 . 1  75P.2 472.S 
84.6 358.2 471.0  
P4.2 3 5 7 . P  4 7 2 . 3  
84.4 357 .6  471.0 
P4.2 357 .0  472.2 
P4.2 357.6 473.1 
e 4 . 3  357.1; 471.7 
R4.4 257.6 A72.e;  

9 3 6 . C  G P . 7  
436.5 60.7 
437.3  6 0 . 6  
4 3 7 . 3  60-7 
4 3 6 . 5  60.7 

4 3 7 . 3  5n.7 
4 3 7 . 2  6 O . Q  
43p.n  60.8 
43P.8 60.9 
43f3.n 6n.R 
4 3 6 . 5  6P.A 

A37.' 6 Q . 7  
437 .3  6 0 . 7  
4 3 7 . ?  60 .7  
436.5 60.6 
6 3 6 . 5  6n.7 
A3G.S 6P.7 
A 3 E . Q  6 P . /  

~ 3 h . e ;  w . 7  

4 3 g . c  m . 9  

94.9 357.P 473.7  a 3 7 . 1  6Q.7 

PVFFACF AESOLUTF VALUE OF DEVIFTION: 

0 .17  0 . 5 7  0.0s s.no n.00  0 . 4 3  0 . 3 2  0 . 5 4  o . 5 ~  ~1.05 

PJorber of 3sts s e t s  for whjch t h e  eeviatior: 
exceeds _7Y t h e  a v e r a c e  i ?ev ia t i cn:  n 

0-1 7 



ORIblNAL PAQE IS 
OF POOR QUALITY 

P1 Nf Tf W V  Tv T4 kI.‘ v o l t p  ~ P F  frea 

156.7  
1 5 4 . 3  
1 5 5 . 5  
155.R 
1 5 4 . 9  
1 5 4 . 3  
153.4 
156.7 
1 5 4 . 6  
156 .a 
155.S 
1 5 4 . 3  
155 .S  
1 5 4 . 0  
1 5 5 . 5  
155.1; 
155 .5  
155.8 
1 5 5 . 8  
1 5 6 . 1  

76 .? 
77.4 
76.7 
76 .3  
7 7 . 1  
77 .5  
75 .7  
7 9 . 1  
7 9  .9 

; .2  
77.9 

79.8 
75.2 
77.0 
76.2 
7 s  .1. 
77.2 
74.4 
75 .9  

77.  n 

1 5 1 . 7  
351.?  
351.9 
351 .7  
351.9 
351 .8  
351.4 
351.R 
351.3 
251.9 
351 .‘J 
351.9 
351.9 
351 .Q 
352.0  
352.0 

352 .0  
352.0 
3 52  .O 

252.0  

27.7 773.9 4 5 . 3  

27 .7  373.9 45 .4  
29 .0  374 .0  45.4 
2 7 . 7  373.9 45 .4  
27.6 374.0 45.5 
28.0 373 .9  4 5 . 5  
28 .0  374 .0  45 .6  
28.7 374.0 45.4 
2 9 . 0  3 7 4 . 1  45.4 
29.8 374 .1  45.6 
2 9 . 2  374.1. 4 5 . 5  
29 .3  374.0 45.5 
2 7 . 7  374.1  4 5 . 5  
2 7 . 7  374.1 45.4 
27 .9  374.1- 4 5 . 3  
27.9  374 .1  4 5 . 5  
2R.0 3 7 4 . 1  45.6 
26 .Q 3 7 4 . 1  45.4 
27.8 3 7 4 . 1  45.3 

2 ~ . 0  374.n 45 .5  
327 .9  
327.6 
328.2 
227.0 
227.C 
327.0  
327 .6  
327.4 
327.C 
327.0 
336.4 
327 .6  
327 .6  
3 2 7 . 0  
227.0 
327 .6  
3 2 7  .n 
325 .R 
325.4 
325.  R 

479.1 
47R. 5 
473.9 
478 .s 
475.5 
478.2 
477.3 
477.9 
479.’ 
477 .5  
477 .3  
477.2 
477.6 
479 .5  
477  .q 
479.4 
477.Q 
4 77.6 
477 .fi 
47P.2 

?92 .3  GO.? 

393.0  6 0 . 3  
333.9 6 0 . 4  

393.0 60 .4  
303.5 60.4 

3 c 3 . q  m . 3  

393.0 60.4 

393.0 6n.s 
392.3  6 0 . 5  
393.9 60 .5  
392 .3  6rlr.4 
392.3 6n.4 
35L2.3 6 0 . 3  
303.0  6 0 . 3  

392.3 6 0 . 3  
3 9 2 . 2  60 .3  
393.0 6 0 . 3  
392.3 60 .3  
391.5 60.3 

303 .n  ~ n . 3  

4VFRPCE VALUE:  

1 5 5 . 3  77.0 351.9 27.9 374.0 45.4 327.1 678 .1  302.7 60.4 

FVEFFCE ABSOLUTE VALUE OF DEVIATION: 

0 . 7 7  1.00 0 . 0 7  0 . 2 s  0 . 0 5  0.08 0 . 6 4  0.54 0 .51  0 .06  
Linea 1 1  Cclt 6 
L i n e *  1 9  C c l #  4 

Mumker of d a t a  s e t s  for which t h e  deviation 
exceeds ?Y t h e  averaoe d e v i a t i o n :  2 

0-1 8 



L i n e 4  1 
L i v e ?  3. 
t i r e g  a 7 

Lire'! Q 

t i r e '  1 F  
L i n e ?  l? 
L i n e "  1 9  
Lines 2rj 

'1 

0 6 . 4  
9 5  .s 
9 6 . 1  
96.1 
95.5 
95 .8 
96.4 
95.2 
96.7 
95.5 
95.8 
95 .5 
96.1 
96.1 
95 .s 
95 .R 
95.2 
95.2 
a5 .R 
P6.1  

95 .'1 

Q.34 
C c l F  3 
CClP 7 
cc14 2 

cc7p 7 
r c 1 4  3 
C c l f i  3 
C C l *  3 

cci4 4 

?' f ? f  

4 6 . 3  3 4 3 . 3  
4 i . 3  343.3 
46.2 2 4 2 . 2  
46.7 343.4 
46.4 343.4 
46.7 343.4 
46.5 343.4 
46.9 343.4 
47.2 243.4 
46.6 343.4 
46.6 343.4 
46.9 343.4 
46.7 343.4 
46.9 343.4 
46.5 343.4 
46.5 343.4 
47.0 343.4 
46.7 343.5 
46.3 343.5 
16.Q 343.5 

5i . r  370.0 
50.7 37c.r  
50.4 7 7 c . c  
50.7 370.0 
50.8 36?.? 
50.6 370.0 
50.3 370.0 
51.2 370.0 
50.7 369.9 
50.6 370.C 
51.0 370.6 
50.9 369.9 
50.5 370.0 
50.7 370.0 
50.4 369.9 
50.0 370.0 
50.7 370.0 
50.5 370.0 
50.6 369.9 
5 1 . 2  370.0 

FVPPaCF VALUE ; 

45.7 343 .4  53.7 369.3 

?7. !! 
9 7 . 1  
96.0 
97 .1  
97.0 
97.2 
9 7 . 1  
97.3 
97.2 
9 7  .O 
9 7  .O 
97 .1  
97.3 
9 7 . 1  
9 7  .,7 
97.4 
97.3 
97.4 
9 7  .5 
9 7  .a 

320.C 477.C 
3251.4 477.0 
320.4 477.3 
330.0 477.0 
330.0 478.2 
329.4 477.0 
739.0 478.2 
329.4 476.7 
329.4 477.0 
330.0 478.2 
330.0 478.2 
329.4 476.7 
330.P 477.@ 
329.4 477.9 
328.2 477.0 
330.0 476.4 
330.3 478.2 
329.4 475.7 
329.4 476.4 
3 3 O . C  478.5 

35'6.P 
39: .3 
395.  z 
305.: 
395.2 
396.@ 
396.0 
396.0 
396.0 
395.3 
395.2 
396.0 
396.0 
395.2 
395.3 
396.0 
395.3 
396.0 
396 . 0 
3 a 6 . P  

63.2 
5 0 . 2  
60.2 
*-.1 
5u .2 
60.2 
60 - 2  
60.2 
60.2 
69.2 
60.2 
60.1 
60.2 
60.1 
6 9 . 1  
50.2 
60.2 
60.1 
)0.1 

5 0 . 2  

97.2 72?.r i  477.3 335.7 50.2 

Gusber cf aats Eets for which the c ' ev i s t . i on  
exceeds 3 t h e  a v e r a a e  e c v i a t i c n :  9 

0-1 9 



P l  

0 4  .a 
9 5  .A 

95 .4  

0 . 4 6  

"f Tf W V  Tv T4 k t i  vclte an'rs 

4 7 . 2  1 4 3 . 4  5 1 . 2  3 7 0 . 0  9 p . 3  3 2 2 . 9  ; 7 q . i  3 ~ 3 4 . 5  
4 6 3  3 4 3 . 4  5n .s  3 7 0 . 0  w . 5  330 .n  4 7 7 . n  396.9 

AVFPACE F\BSOLUTF VALUE OF DEVTFTION: 

n . 1 2  n.no n . 1 9  0 . 0 0  0.10 0 . 6 0  n . 7 ~  1 . 1 3  

f rea 

5 n . 7  
60.3 

60.2 

0.01 

Nurher of data s e t s  for  which the 3evirtjon 
exceedc 3 X  the averaqe 3eviation: 0 

0-20 



0 6 . )  
9 4  .Q 

9 5  .Q 
9 4 . 9  
9 5 . 5  
9 5 . 2  
9 5 . 5  
9 5 . 2  
9 5 . 2  
95  .5 

9 5 . 2  
0 5 . 2  
9 5  .z 

9 4  .n 

0 4  - 9  
Q 4  .Q 

9 5 . 2  
9 5 . 3  

46.9 
46  .? 
4 7  . 0  
4 7 .  * 

ai;. 5 
4 6 . 1  
4 6 . 6  
4 5 . 9  
4 6 . 7  
4 6 . 7  
46 .7  
4 6 . 5  
46 .  R 
4c. 1. 
4 6 . 6  
4 6  .5  
4 6 . 6  
46 .7  

343.5  50 .5  3 7 0 . 0  
‘42.5 50.7 379 .0  
343 .5  71.7 ?6Q.9  
343.5 v . 8  360 .9  
343 .5  51 .2  37o.n 
343.5 5 O . Q  370 .0  
343.5  51.0 369 .9  
343.5  50 .7  369 .9  
343.5  5 1 . 2  37n.o 
343.5 50.s 3 7 n . 0  
343.5  5 O . Q  369.9  
3 4 3 . 5  51 .2  369 .9  
343 .5  50.8 3 7 0 . 0  
343.5  50 .5  37n.o 
343.5  w . 7  3 7 0 . 0  
343.5  w . 7  37n.n  
343 .5   si.^ 3 7 n . n  
’43.5 50 .7  369.9 

0 8 . 5  
9 8 . 3  
Q8.4 
QP .5 
9 8  - 5  
9P.4 
QA.3 
9 R  .4 
9 8  - 5  
9e.5 
98  .3  
9R .4 
9A .5 
Q P . 5  
99 .4  
Q ?  .3 
9 8 . 3  
9 R  .4 

3 2 8 . 9  
329.4  
329.4 
32P.e 
3 2 9  .Q 
329 .4  
3 2 9  .A 
325 .3  
3 2 9 . 9  
329 .4  

729.4  
3 2 9 . 4  
3 2 9 . 6  
2 3 a . 0  
3?9.4  
3 2 Q . 4  
329.d  

33n.n  

476.A 397.q  
4 7 9 . 2  394.5  
477 .6  295 .3  
4 7 7 . 0  3 9 6 . 0  
4 7 6 . 7  ? Q 6 . @  
477 .9  394.5 
4 7 7 . 9  3 9 5 . 3  
4 7 7 . n  3 9 5 . 3  
476 .7  396.0 
4 7 7 . 0  394.5 
47a .2  395.3 
4 7 7 . ?  345.3 
476.7  ‘36.0 
4 7 7 . 0  ? Q g  . 3  
4 7 7 . 9  344.5  
4 7 9 . 2  3 9 5 . 3  
4 7 7 . 9  3 9 5 . ?  
4 7 7 . n  395 .7  

nVFFACF V a L U E  : 

9 5 . 2  4 6 . 6  343 .5  C 9 . Q  369.Q 9P.5 3?9.? 477 .4  395.4  GQ.1 

@lurker of a z t e  s e t s  f o r  w h i c h  t h e  c ‘ e v i a t i o r  
excee$s ?W t h e  averaqe  ? e v i a t i c p :  3 

0-21 



ORIGINAL PAGE IS 
OF PCO2 QUALlW 

PUN NUYEEF 27 

F1 

a i  .4 
06.4 
95.5 
95.5 
95.5 
96.7 
96 .4 
96.1 
96.7 
95 .Y  
96.1 
96.4 
95.5 
95 .8 
96.7 
96.1 
95 .2 
95.5 
96.7 
96 .? 

96.2 

0 .so 
Line# 1 Cc15 3 
Line# 3 C o l #  3 
Line8 : C c l d .  2 
Linef 14 C c l #  3 

"f Tf 

50.9 322.6 
52.2 722.5 
53.5 322.6 
55.1 322.5 
53.1 322.5 
51.0 322.5 
51.8 322.5 
52.4 332.5 
52.5 322.5 
56.4 222.5 
52.4 322.5 
53.2 322.5 
55.1 322.5 
53.7 322.5 
53.6 322.5 
52.4 122.5 
53.3 322.5 
55.0 322.5 
53.7 322.5 
53.8 322.5 

M V' T \' 

44.7 328.4 
43.4 328.5 
48.3 328.5 
48.2 328.5 
47.0 328.5 
41.6 328.5 
44.7 328.5 
45.1 328.4 
45.3 328.5 
51.2 328.4 
42.5 328.5 
45.5 328.4 

46.3 328.4 
45.3 328.5 
47.4 329.4 
47.4 328.5 
48.5 328.5 
4P.3 328.4 
47.2 325.4 

48.9 128.4 

AVERACE VALUE : 

53.2 322.5 46.3 328.5 

To kt' v c l t :  CRCS 

73.2 
72 -2 
71.R 
71.5 
51.2 
71.0 
72 .O 
72 .3 
72.5 
72 - 3  
72 .5 
72 -5  
72.1 
71.5 
71.1 
71.0 
71.4 
72.2 
72.6 
72.7 

271. fl 
231. f? 
231.0 
229 .fl 
229.2 
228.6 
229.2 
230.4 
231.0 
2'1.0 
230.4 

229 .8 
230.4 
229 - 5  
229.e 
228 .Fc 
239.4 
230.4 
220.4 

231.0 

479.1 
47Q. 1 

478.8 
478 .e 
480.0 
47R .s 
478 .8 
478 .)1 
479.7 
478.8 
478 .9 
478 .8 
480.0 
450.0 
480.0 
478.5 
480. n 
470.4 
4P0.3 

480.0 

240.5 
290.5 
279.8 
279 .O 
279.0 
277.5 
279.0 
279.9 
280.5 
279.8 
2?!? .o 
281.2 
279.8 
27P.3 
279 .3 
277.5 
278.2 
278.3 
279.0 
279.(! 

71.9 230.2 479.3 279.2 

FVEFAGF 4 B s O L U T Y  VALUE OF DEVIFTION: 

1.05 0.01 1.90 0.03 0.51 0.65 0.56 0.83 

f r e o  

h P . 3  

60.3 
60.1 
59.9 
59.8 
59.9 

f@.l 
60.2 
BO .3 
60 .3 
50.3 
60.1 
60 .o 
59.9 

59.9 
60.0 
69.1 

6 0 . 3  

60.0 

5 9 .  e 

60.1 

0.14 

h'urrber of d a t e  sets for w h i c h  the d e v i a t i o n  
e x c e e d s  3 Y  the a v e r a a e  t?ev ia t ion:  4 
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ORIGINAL PAGE IS 
OF POOR QUALITY 

PUN NUMBER 23  

P1  

97.8 
R0.4 
S P . 1  
88.1 
RP.7  
90.0 
119.7 
RQ.7 
87.3 
87.8 
SP, 7 
90.9 
R Q . 1  
90.7 

R P .  4 
90.4 
Q 9 . 4  
50.7 
9 9 . 4  

01). n 

89.1 

n .r;9 

W f  Tf 

32.5 319.0 
33.9 319.8 
32.2 319.9 
32.7 319.9 
33.1 319.P 
32.5 319.9 
32.7 319.9 
32.5 319.5, 
33.7 3 1 9 - 9  
32.9 319.5 
33.7 319.8 
33.7 319.8 
33.0 319.3 
31.5 319.8 
34.2 319.8 
34.3 319.8 
? 3 . Q  319.8 
32.1 319.8 
33.6 319.8 
32.6 319.Q 

66.0 
67.0 
63.3 
66.9 
65.8 
64.4 
65.5 
65.3 
69.8 
64.5 
59.3 
6 Q . l  
66.4 
64.1 
65.4 
68.6 
65 .3  
63 .0 
6 4 . 2  
54.3 

33.1 319.9 65.9 

PV F FFC: E 4 E SO LUT E 

0 . 5 9  0 . 0 3  1.52 

Tv 

324.6 
324.6 
3 2 4 - 5  
324.5 
3 2 4 - 5  
224.5 
324.5 
324.6 
323.6 
324.6 
324.6 
324.6 
324.5 
324.5 
324.5 
324.5 
324.4 
324.5 
324.6 
324.7 

324.5 

Tp. k W  v c l t :  ~ R D E  

7R .3 
78 .1  
79 .1  
77.5 
77.2 
75.7 
7 7  .o 
76.7 
77.4 
77.7 
7 8  .O 
7 8 . 1  
78.3 
7R .0 
77.8 
77.2 
7 6  . P  
76.5 
76.6 
76 . 5  

77.4 

r4LUE: OF DEVI 

0.04 0.59 

229.9 
230.4 
229.R 
229.2 
229.2 
229.2 
22s3 .o 
229.2 
227.4 
22q.6 
22R.6 
220 .s  
229.2 
229  .R 
229.R 
229.3 
228.6 
2 2 9 . 1  
22Q .5 
2 2 8  .o 

4 S P . P  
479.7 
475.5 

470.1 
480.0 
47R.5 
4P0.0 
47R .5 
d S O . 0  
479.4 
499. fl 
478.5 
480.0 
479.5 

79.7 
478 .e 
4PO.P 
475 .5 
450.0 

480.0 

278.3 
370.8 
27o.R 
278.3 
279.0 
275.3 
275.3 
277.5 
?77.5 
277.5 
277.q 
27% 3 
279.F 
279.0 
279.0 
278.7 

277.5 
277.5 
276.9 

279. n 

229 .1  479.4 27P.3 

TION: 

0.5P 0 . 5 0  0.70 

f r e a  

hn 7 

60.2 

60.3 
60.2 

6n.l 
q9 .9 
59.9 
5 e . s  
‘ 9 . 9  

6 O . P  
60.1 
5P.2 
h 9 . 3  

6n .3  
=o.p 
50.9 
50.s 
59.9 

m . 0  

~ n . 2  

6 0  .n 

0.14 

h’urrber of d a t e  s e t s  fcr w h i c h  t h e  e e v i a t i o n  
exceeds 3 Y  the e v e r a c e  c ‘ev iat ion:  0 
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ORIGINAL PAGE IS 
OF POOR QUALITV 

FUN NWREP 2 4  

P1 

OR. 1- 

08.1 
57.9 
q6.0 
99. 1 
R6.9 
97.2 
Q7.2 
Q7.5 
57.5 
e7.5 
R7.2 
a q . 1  
Q R .  1 
S A . 1  
R7.9 
R7.9 
A8.4 
p 7  .s 
A7 .!3 

87.8 

0 . 4 1  
L i n e d  1 3  Cc18 1 

" f Tf 

19.9 317.6 
20.1 317.6 
19.5 317.6  
19.4 317.5 
19.3 317.5 
19.7 317.5 
20.3 317.4 
19.4 317.4 
20.4 717.4 
19.9 317.4 
1 9 . 7  217.4 
20.2 317.4 
19.7 317.4 
20.3 3 1 7 . 4  
39.6 317.4 
19.5 317.4 
20.1 ,717.4 
19.6 317.4 
2n.3 317.4 
19.7 317.4 

M V  Tv 

79.2 223.7 
P 1 . 0  32?.7 
80.9 323.7 
77.9 323.5 
77.3 321.8 
P 1 . 4  323.9 
a1.9 323.7 
79.C 322.8 
82.2 327.7 
81.4 223.7 
51.2 322.7 
92.2 123.7 
77.2 323.7 
S1.5 323.7 
77.6 323.7 
70.4 323.7 
50.0 322.8 
77.2 323.9 
30.6 323.9 
79.8 323.9 

FVE FA6 E VALUE : 

19.8 317.4 79.9 323.8 

77.5 229.6 

76.1 227.4 
76.1 226.8 
75.8 226.8 
76.5 227.4 
77.6 229.0 
77.4 228.0 
79.1 2 2 3 . 6  
75.2 229.2 
77.9 229.2 
77.9 220.2 
77.4 228.6 
77.1 228.6 
76.6 22R.C: 
76.3 227.4 
76 .1  22P.C 
76.4 227.4 
76.5 228.6 
77.3 223.0 

75.4 22e.o 
470.4 
490.6 
479.4 
479.4 
4 70.4 
480.6 
479.4 
470.4 
479.7 
4PO.O 
4 5 0 . 0  
4eo.o 
480.0 
470.7 
479.4 
479.1 
490.3 
479.4 
480.9 
479.4 

27R .? 
275.9 
27E.0 
276.0 
276.8 
275.3 
2 7 7  .? 
277.5 
27R .3 
277.5 
277.5 
277.5 
277.5 
277.5 
276.8 
276.9 
276.0 
276.8 
276.0 
2 7 7  - 5  

77.0 2 2 8 . 1  479.8 277.0 

W F P K E  ABSOLUTE VPtLUE OF DMIIFTIOM: 

0.30 0.07 1.47 0.04 0 . 7 1  0.5 0 .42  0.68 

f r e u  

60.2 
6 0 . 1  
50.9 
59. p 
59 * 7 
5 Q . Q  
59.9 
60.0 
6 0 . 1  
60.2 
60.3 
60.2 
6Q.2 
69.1 
6 0 . P  
5 9 . 0  
59 .Q 

59.9 
59.9 
59.9 

60.0 

0.14 

Kurber of d a t z  s e t s  for w h i c h  t h e  d e v i a t i o n  
exceet3s 3Y t h e  averaae d e v i a t i c n :  1 

C-24 



PUK N U K P E F  25 

P1 

97.3 
8 8 . 1  
RP.1 
97.5 
87.2 
87.2 
8 8 . 4  
87.2 
P7 .e 
57.8 
9 7  .? 
97.5 
97.2 
R 7  .s 
P7 .!I 
P7.5 
R6.9 
QR.1 
R7.2 
*6.6 

97.6 

n .?9 
LineB 1 C c l ?  5 

r n  f Tf 

19.6 317.2 
19.5 317.2 
19.5 317.2 
20.1 317.2 
19.7 317.2 
19.9 317.1 
19.R 117.2 
20.3 317.1 
19.2 317.2 
19.7 217.2 
10.5 317.1 
19.3 317.1 
20.3 317.1 
19.5 317.1 
1 9  - 3  71.7.1 
20.1 217.1 
20.5 317.1 
19.P: 317.1 
19.P 317.1 
19.8 317 .1  

V V  Tv 

8 0 . 5  324.0 
79.3 323.9 
80.6 323.9 
82.1 32?.8 
81.@ 322.9 
81.3 32?.7 
$0.9 323.7 
P 1 . Q  323.7 
79.5 321.7 
79.8 123.7 
P1.5 322 .7  
79.1 223.7 
P1.6 323.7 
80.2 322.5 
90.2 ?2?.7 
81.5 323 .7  
R3.4 322.7 
P0 .3  323.7 
P0.6 323.6 
P1.5 323.6 

P V F F P C F  VALL'E: 

19.8 317.2 80.9 222.F 

T% k Y  v c l t s  errnc 

76.2 22P.O 
77.6 22P.6 
77.9 228.0 
77.8 229.2 
77.7 228.6 
77.9 229.2 
77.3 229.8 
77.c 228.6 
76.7 228.0 
76.3 22P.O 
76.4 227.4 
76.4 238.5  
77.5 2 2 P . O  
78.0 229.2 
79.5 229.; 
7P.4 229.9 
78.6 229.9 
78.4 229.3 
78.2 229.9 
77.5 239.2 

481r.C 
479.7 
47Q. 1 
480.6 
479.1 
4 70.4 
480.6 
479.6 
470.4 
400.3 
A7?.1 
480.0 
479.7 
4PO.P  
A8cr.n 

479.7 
4r10.Q 
479.7 
4PO.h 

4 o r . o  

276.0 
278.3 
?78.3 
277 . e  
279.0 
278 .3 
777.5 
278.3 
275.3 
277  .5 
276 .8  
276.0 
27s .? 
276.9 
27s .3 
277.5 
279.0 
27Q.3 
279.0 
277.5 

77.5 228.9 4pn.n 277.e 

PVFFAGE 4 F S O L l i T E  VALUF OF D W I P T I O F :  

0.26 0.03 0.90 0.06 0.54 0.65 C.53 0.72 

frea 

59.9 
60.0 
60.1 
60.2 
60.3 
60.3 
60.2 
60.1 
60.0 
50.q 
V I  s 
59.R 
5 Q .  Q 

55.9 
6 0 . 1  
6 0 . 2  
G9.2 
60.3  
60.2 
60.1 

6p.1 

c .  ? 4  

Rurber of d 2 t e  s e t s  f G r  which t h e  c ' e v i e t i c r  
e x c e e d F  ?Y t h e  averaae  Cev ia t ioc :  1 

C-25 



FUN NUE’BEP 26 

P1 

R e ;  .4  
114.1 
P4.4 
P4.1 
8 4 . 1  
84.4 
P5.7 
8 5 . 1  
Q 5 . 1  
95 .1  
9 5 . 7  
R4.7 
P 5  . d  
R4.4 
83.9 
Q4.1 
94.1 
84 .4  
Q4.4 
94.4 

P4.7 

0 .47  
Line# 2 C c l #  5 
L i n e #  1 7  C c l *  2 
Ljneft 20 Cclt 5 

m.4 f Tf 

12.0  _71_7.? 
13.2 313.8 
13 .1  313.8 
12.9 313.8 
13.n 313.9 
1 3 . 2  313.8 
13 .0  313.9 
13 .1  313.8 
13.2 313.8 
12.4 313 .5  
12.8 713.8 
1 2 . 9  313.9 
12 .9  313.9  
13.1. 313.9 
1 2 . 7  713.8 
12.9 313.5 
13.6 313.8 
13.0 313.9 
1 3 . 2  313.9 
1 3 . 1  313.9 

V V  Tv 

9 3 . 5  321.9 
94 .Q 322.0 
9 6 . 3  321.9 
93.2 321.9 
95.8 321.3 
95.9 321.0 
93.3  321.9 
9 4 . 1  321.9 
9 5 . 2  321.9 
9 2 . 1  721.9 
91.3 321.9 
9 4 . 3  321.9 
91 .4  221.9 
95.4 321.9 
9 3 . 1  321.4 
Q 5 . 2  221.9 
97.2 321.3 
92.4 321.P 
95.7 721.9 
94 .3  321.7 

PVEPACE VALUE : 

13.0  3 1 3 . 0  94.2 2 2 1 . 3  

7P .7 
8n .5  
P 1 . l  
81.3 
P 1 . 1  
R1.0 
81.2  
00.6 
7 9 . 1  
79.3 
7P .P  

79. P 
79.8 
P0.6 
p1.0 
81.3 
81.3 
P1.6 
e1.2 

79.0 

2 2 6 . 2  483 .P  272 .3  59 .7  
227.4  4P3.0 273.C 59 .9  

227.4 481.9 2 7 4 . 5  5P.l 
227.4 452.4 273 .8  59.1 
228.0 482 .1  2 7 4 . 5  6 0 . 2  
229.C 431.5 275 .3  6 n . 2  
227.4  4F1.9 275.1  6 0 . 2  
22e .O cR3.3 273.R 60 .1  

22ii .e 4 P 3 . C  273.0  53.9 
2 2 5 . 6  4 R l . Q  273.P c 0 . O  

226.2 4 P I . S  273.8 59.7 
226.5 4 P Z . 1  273.C 59.9 

227.4 483 .0  273.P 60.0 
227.4 4P2.7 273.0 60.1 
22R.P 453.3 2 7 3 . 8  6 0 . 2  
227.4 487.4 2 7 5 . 3  6 0 . 2  
228.@ 4P3.3 274.5 6 0 . 2  

m.? 4si.q 274.5 6n.n 

227.4  A P L P  373.9 6 o . r  

226.2  482.1 2 n . n  59.9 

80.4 227.2 4P2.4 273.R 6 0 . 0  

PVERAGE AESOLUTE VALUE OF DEVIRTIOK: 

0.16 0 .04  1 . 3 7  (7.04 O . f ? 6  0.57  0 .56  0 . 7 2  0 . 1 5  

Nmber of d a t e  s e t s  for w h i c h  t h e  deviation 
exceeds 3X t h e  averase eeviation: 7 
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FUN NUCEER 27 

P1 

8 4 . 1  
84 .7  
54.4 
85.1 
8 4 . 7  
84.4 
84 .4  
R3.5 
84.4 
84.4 
R3.9 
9 4 . 1  
P5.4 
3 3  .R 
R4.1 
94.4 
R 4 . 7  
Q 4 . 1  

8 3 . 3  
9 4 . 1  

n 4 . 3  

0.35  

Fnf Tf 

13.0 313.8 
1 2 . 7  313.8 
12.7 313.P 
12.4 313.8 
12 .8  313.8 
12.6 313.8 
12.9 313.8 
1 3 . 5  313.8 
1 2 . 9  313.7 
13.2 313.7 
13 .2  313.5 
12.6 313.7 
12 .R  313.7 
12 .8  313 .7  
12.6 3 1 3 . 7  

2 2 . 9  313.7 
12.13 313.7 
13.0 3 1 3 . 7  
1 3 . 1  3 1 3 . 7  

i 3 . n  313.7 

WV Tu 

9 5 . 0  321.9 
93.2 321.9 
94 .3  3021.9 
9 3 . 1  321.9 
9 3 . 3  321.9 
93.6 321.9 
9 4 . 6  321.9 
96.4 321.9 
9 4 . 3  321.P 
9 5 . 8  321.8 
9 5 . 8  321.5 
95.4 321.7 
93 .9  321 .6  
92 .4  321.7 
9 1 . 2  321.7 
9 5 . 2  321.7 
9 4 . 6  321.7 

9 5 . 6  321.R 
92 .0  3 2 1 . 7  

s6.n 3 2 1 . 7  

PVFFAGE VALUE : 

1 2 . Q  313.7 04.3 321.9 

80.9 
79.4 
79.4 
79.3 
79 .3  
79.9 
PO .9 
81.1 
8 1 . 4  
8 1 . 5  
8 1 . 7  
81.3 
P1.O 
Q0.2  
79 .5  
79 .9  
79.7 
79 .Q 

e l .  2 
Pn.3 

227.4 
226.9 
226.8 
226.9 
226.2 
227.4 
226.8 
227.4 
228.0 
220 .0  
228 .0  
228.0 
228.0 
227.4 
227 .4  
226.2 
226.5 
225 .2  
226.2 
227.4 

481 .5  
4P1.8 
481. Fi 
4E2.4 
481 .2  

481.5 
482.7 

482.4 
481 .2  
4 8 2 . 1  
451. 5 
4 P 2 . 7  
482.4 
4 8 1 . 2  
482.4 
4F1.8 
4 P 1 . 2  
4 P 2 . 7  

453  .n 

482.7 

275.3 
273 .O 
273 .O 
273 . O  
273 .O 
272.3 
273.8 

274.5 
275 .3  
275  .-7 
274.5 
275 .3  
273 .0 
273.0 
273 .R 
273 .0 
273.  fl 
273 .O 
273 .n 

273.n 

80 .4  227.2 482.0 273.6 

P V F F V F  ABSOLUTE VaLUE OF DEVIPTI@N: 

0 . 2 1  0.04 1.16 0.Q6 0 . 7 4  C . 5 6  0 . 5 4  11.44 

f rea 

60.2 
60.0 
59 .a  
59. 5 
59.  e 
59. P 
59.9 
6n.n 
m.1 

m . 2  

6 0 . 1  
6n.0 

6 0 . 2  
60 .2  

60 .2  

5q.q  
59.9 
59.Q 
q 9 . 9  
59.  P 

60 .n 

n . 1 4  

Nurrber of d e t a  s e t F  for wbjch the 3 e v i a t i c n  
Ftxcee3s _7X t h e  s v e r a q e  devieticn: 0 
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ORlGlNAL PAGE 1s 
OF POOR QUALln 

P1 

1-w .7 
109.1 
1.09.1 
1.09. A 
109.4 
1 C 9 . 1  
1 0 6 . 6  
109 .7  
1 0 8  .I. 
10R .4 
!@7.5 
1.08.7 
1 0 8 . 4  
108 .7  
7.08.7 
100.1 
l ( r8 .7  
LOP .4 
lQ?  .4 
1.08 .7 

Cf 

107.2 
lP5.1 
1 0 2 . 7  
100.3 
1 0 5 . 7  
1 0 5 . @  
112 . 5  
1 0 5 . 0  
101.2  
1 0 6 . 3  
1 0 4 . 5  
1 0 4  .a 

103.9 
1 0 7 . 7  
1 0 7 . 1  
L O P  .1 
1-01.? 
106 .2  
101 .5  

103. 0 

Tf 

1 3 4 . 1  
3 3 4 . 2  
334.2 
3 3 4 . 2  
3 3 4 . 2  
3 3 4 . 2  
3 3 4 . 2  
334 .2  
334 .2  
334 .2  
3 3 4 . 2  
334 .2  
3 3 4 . 3  
3 3 4 . 2  
334.2 
236.2 
334 .1  
334.2 
335 .2  
334.: 

rfi v Tv 

1 5 . 9  3 3 6 . 5  
1 7 . 0  336.6 
1 7 . 7  236.7 
15.7 336 .7  
1 7 . 6  336.7 
1 6 . 8  3 3 6 . 7  
16 .2  3 3 5 . 6  
1.7.7 336.6 
1 6 . 2  376 .6  
1 5 . 9  ?36 .6  
16.3 3 3 6 . 7  
15 .5  336 .6  
16.9 336.6 
1 5 . 4  736.5 
17.5 336.6  
1 6 . 6  336.5 
16.9 3 3 6 . 7  
14 .4  336 .7  
16 .3  336 .6  
l S . 0  3 3 6 . 5  

PVFFFClF V h L U E  : 

l O P . 5  105.1 334.2  16.4 336.6 

6 3 . 2  
6 2 . d  
fi? .4 
62 .4  
62.9 
63 .2 
6 3 . 2  
6 3 . 5  
6 3  
6 3  .o 
62.4 
52  .I 
6 2 . 1  
63.4 
6 3 . 7  
63 .7  
63 .6 
6 3 . 2  
6 2 . 5  
61.8 

279 .G 
22P .o 
2 2 9  .r; 
2 2 8 . 0  
227.4 
229 .7  
227.4 
2 2 9 . 8  
229 .8  
229 .8  
2 2 Q  .6 
227.4 
226 .8  
22p .n  
229 .8  
229.8 
229.7 
22Q.P 
225.6  
229.5 

475.5 275 .3  
479 .5  277.5 
479.q 277 .5  
478 .5  276.R 
478.2 276.8 
47R.S 278.3 
479.4 2 7 6 . Q  
47q.9 279 . 7  
479.4 277.5 
4 79.4 37P .3 
479.9 277.5 
478 .5  276.Q 
47S.F; 276.O 
480.0 276.P 
478.9 276.9 
4 7 9 . 1  2 7 9 . 0  

479.5 270.0 
4 7 9 . 5  2 7 P . 3  
4 8 0 . @  276.0 

475.5 2 7 9 . 0  

62.9 228.7 4 7 P . Q  277.6 60.2 

FVRPACF AEFOLUTE VALUF OF D E V I A T I O N :  

Muaber of ? a t e  s e t a  fcr which t h e  d e v f a t i c i i  
e x c e e d s  7X the ave raae  S e v i a t i o n :  1 
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ORIGINAL PAC? cS 
OF POG2 QUS.!.; ; ' 

p1 

1 0 0 . 7  
i m  . 4  
ins. 4 

1119.7 

108.7 
1 0 8 . 7  

108 .4  
1 0 9 . 7  
'110.0 
110.9 
1 0 e  .4 
109.4 
1.00, 1 
104.4  
110.3 
110.6  
109.4 
109.1 
108  -7 
108 - 4  

1 0 9 . 3  

0 .57  

PUN NUWBEP 2Q 

c T f  

1 0 2 . 7  334.4 
102 .1  334.4 
105.9 334.4 
1 0 6 . 1  334.4 
105 .7  334.4 
102 .2  334.4 
106.2 334.4 
104.9 334.4 
1 1 0 . 2  334.4 
1 0 5 . 2  334.4 
l@f3 .2  3?..4 

1 0 0 . 1  334.4 
1 @ 0 . 6  334.4 
1 0 4 . 0  334.4 
107.9 3 3 4 . 3  
1 0 5 . 2  334.3 
102 .3  334 .3  
1 0 5 . 2  '34.3 
102 .6  334.4 

1 0 5 . 2  x . 4  

w V Tv 

1 6 . 2  73G.8 
15.2  336.9 
17.8 336.8 
18.0 336.9 
16.7 336.9 
1 6 . 0  336.9 
17 .3  336.8 
1 5 . 7  336.7 
17.4 336.7 
15 .6  336.8 
16.5 336.9 
15 .1  337.0 
1 6 . 7  3 3 7 . 0  
16.3 337 .0  
16.C 3 3 6 . 9  
17 .4  326.9 
1 6 . 7  336.9 
1 7 . 0  3 3 7 . @  
17.R 337.C 
1 7 . 0  336.9 

FVFPACE VP.LUE: 

1 0 4 . 6  334.4 1 6 . 7  336.9 

T% kY v c l t s  

62.6 
5 2 . 2  
53.8 
6 3  .6 
63.5  
62 .7  
S1.Q 
6 1 . 1  
60.Q 
6 3 . 3  
63 .7  
6 3  .n 
6 2 . 0  
6 1 . 2  
60.8 
60.9  
63 .2  
6 3  .,1 
62.9  
6 2 . 2  

229 .2  
227.4 
228.6 
229. P 
2 N . 4  
229.3 
228 .6  
2 2 5  .n 
227.4  
2 2 9 . 7  
220.4 
229 .  P 
229.  P 
329.6 
2 2 7  .a 
226.2  
22e .  ? 
220.4 
22Q.R 
22P. 6 

475 .s 
475 .s 
478.8 

478.8 
480 .3  
47R .8 
478.9 
478.8 
4f!O.@ 
475 * 5  
479.5  
4 8 0 . 0  
480.0 
479.4 
A7R.S 
4 e n . 3  
479 .r! 
479.7 
479.7 

4 m . o  

6 2 . 4  228.Q 479.2 

PVFFACF APqOLUTE VRLUE O F  DEVIFTIOIU: 

2.04 0.04 0 . 6 4  0 . 0 5  n . ~ q  0.06 n.61 

a r r s  

279.0 
276  .P 
278. ? 
278.3 
279.8 
279.0 
275 .2  
275 .3  
276.0 
2 7 8 . ?  
270 .Q 
279.5  
278 .3 
2 7 7 . 5  
276 .P  
276.P 
275.3 
779.0 
270.C 
2 7 9 . 0  

278 .1  

1.09 

frea 

6 0  .5  
5 9 . 7  
6 0 . 1  

6 0 . 6  
60 .6 
6 0 . 2  
60.C 
59.R 
60 .@ 
6 0 . 5  
60.6 

60.3 
6 0 . 0  
S Q .  7 
5 0 . 1  
60.5 
6 0 . 5  
6 0 . 4  

60 .4  

6 0 . 5  

6f1.3 

0 . 3 6  

Vzorrbet of d e t e  s e t s  for  which t h e  c ' e v i a t i o n  
exceedc 3U the e v e r a a e  2 e v i a t i c r :  r) 
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ORIG\NAL PAGE IS 
OF POOR QUALm 

FUEJ NUNBEF 79 

P1 

101.7 
Q P  .c 

1011.1 
09.R 
Q 9 . 5  

1 0 0 . 1  
101.1 

aq.5 
9 a . 5  
O F  .6 
?e .9 

1on.z 
9 o . p  

i n n  .I 

im.1 
im.1 
101.1 

9 0 . 7  
00.2 

1 r o .  4 

' 1 . 6 5  
L i n e s  1 C c l g  7 
L i n e a  1 9  C c l P  R 

2' f Tf 

7O.c) 230 .1  
e 5 . 4  230.1 
03 .6  330.c  
83.: 330 .1  
79 .6  330 .0  
P Q . 0  330 .1  
79.9 3'0.1 
e6.4 330 .1  
R2.9 3 3 0 . 1  
P4.4 7 3 0 . 1  
P 3 . 2  '20.1 
A4.1  330 .1  
83.4 330.1 
Q3.6  3 3 0 . 1  
P2.4 230 .1  

8 n . Q  3 3 n . 1  
S Z . 5  330.1. 
q4 .2  330 .1  

7 ~ . r i  3 x 1  

~ 4 . c  3 3 0 . 1  

V Tv 

4 0 . 0  3 3 6 . 2  
55.5 3 3 6 . 0  
53.3 336 .0  
5n.5 335.0  
47.4 336.n 
47 .3  336.0  
4 e . 2  3 3 6 . 1  
56.4 1 3 6 . 1  
51.3 3 3 6 . 1  
53.4 2 3 6 . 1  

S3.P 336.P 
51.0 336.C 
5 1 . 1  '36.@ 
4P.6 3 3 6 . 0  
47.3 336.0  
4 9 . 8  336.1  
51 .2  3 3 6 . 1  
56.7 136.1 
51.3 335 .n  

52.4 336.n  

PVFFnCF VFLUF: 

P2.7 3 3 0 . 1  51.3 336.1  

P3.1 203.0 458.7 
03.4 310.8 457.2  
€9.0 310.0 ~ S P . L  
~ 6 . 2  309.5 457.5  
84 .8  308.4 457 .2  
g 4 . n  '05.4 457 .2  
8 9 . 5  307.2 457.'; 
90.2 3@Q.6 457.4 
o(l.4 2f iQ.6 457.5 
9P.5 310 .2  457 .5  
90 .4  71P.2 457 .5  
80 .6  31P.8 457.2  
P F . 5  309 .6  456.9 
e7.4 309.6 457.2 
P 6 . '  307.9  457 .5  
P5.2 307.8 4 5 Q . 1  
~ 5 . 2  3n6.h 457.5  
8 9 . 2  307.8 457.5  
n r .7  ~ O Q . C I  ~ ~ p . 7  
00.5 2 1 c . 2  A57.9 

3 P f l . ?  5 a . 7  
3?2.3 60.6 
292.3 6n .7  
3a0.8 60 .2  
3 P P . 5  5 9 . 9  
3P6.3 50 .4  
3P5.5 50.4 
3es.F: 50.7 
3F9.2 60.1 
301.5  60.7 
301 .5  6n .4  
302.3  60 .5  
300.9 F Q . 4  
390 .0  60.2 
3P0 .2  69.0 
2P6.3 59 .7  
3Pc;.? 5 r . 3  
3P7.A 5 0 . 6  
3 P 9 . e ;  5 Q . Q  
2 w . n  6 p . i  

W E F A C F  PESCLUTF VFLUF O F  DEVIATIGN: 

1.w 0.04 2.33 n . r 4  2 2  1 . v  0.36 2 . ~ 5  o . ? s  1 

@lurker of P a t 2  s e t s  fcr whjcb t h e  f e v i z t i o n  
e r c e e d c  3 t h e  z v e r a a e  c e v i a t i c n :  ? 
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RUN NUP'BEP 31 

P1 M f T f  %' V Tv Ta k W  vclts sr~p.c frea 

101.1  33.4 

302.0 1r1.3 
1 P 1 . 1  R3.0 
100.4 81 .7  
100 .4  83.4 
100 .1  R3.fi 
101.1 A3.6 

100.7 e l . 1  
101.7 P1.9 
101.1 R0.4 

1 n l . l  Q 1 . 7  
?P0.1 n2.q 
1 n 1 . 4  R5.0 
1 O l . 4  83.7 

0 Q . R  RS.1  

101 .1  Q2.0 

m . 3  79 .6  

i n n . 7  ~ 3 . 6  

1 n 1 . 7  Qo.1 

i n p . 7  ~ 1 . p  

331.3 49.5 
331.3 45.Q 
331.3 47.2 
331.4 50.5 
331.3 4 A . O  
331.3 49.4 
3?1.3 48.4 
331.4 50.2 
331.3 49.0 
?31.3  46.1 
331.3 46.3 
331.4 4 6 . 6  
?31.4 4 h . F  
331.4 4 P . 2  
331.4 4P.5 
331.4 A 0 . l  
331.4 5 1 . 3  
331.4 4 P . 4  
231 .3  4 O . 4  
331 .4  44.11 

336.3  
336 .3  
335.4 
336.4 
336.4 
336 .3  
336.3 
336 .3  
336.3 
335.3 
336.3 
336.4 
336.4 
336.4 
336 .5  
336.5 
336 .3  
?36 .3  
336.4 
336 .3  

87.3 307.Q 459.0  

86 .3  302.4 458.1 
86.8 3 0 3 . 6  45P.7 
87.5 304 .2  457.8 
P7.9 3 0 1 . 2  456.0 
87.8 7 0 6 . P  457.5 
87 .3  306.0 a5R.4 
P6.1 2Q6.0 458.7 
F4.7 204.8 459.4 
83.7 ,703.6 457.9 

8 2 . 2  291.2 457.5 
S 6 . 5  304.2 657 .5  
37.2 30A.R 41;R. l  
97 .7  306.9 45F.1 

P7.3 305.4 457.9 
8 6 . 4  3n6.4 457.R 
e 5 . 4  3t74.8 457.5 

82.4 3 2 . 4  459.n 

~ 2 . 4  2 0 3 . 6  a59.4 

~ 7 . 7  3wi.n 4 5 7 . ~  

385 .5  60.5 
31rn.3 59.4 
281.0 59.5 
3 8 1 . 8  5 9 . 8  
38A.C 60.C 
3P4.Q 60 .2  
305 .5  60.4 

384.5 60 .5  
2s4.c  60 .3  
3P2.5 60.0 
3 e 0 . 2  50.7 
3Rn.3 59.4 
3Rl .9  59.6 
71rl .S 5 C . Q  

3 4 . 0  6 n . 5  

~ 3 . 3  6 n . q  
394.3 Gn.3 
36'5.5 6 0 . 5  
3P5.5 60.4 
2 R 4 . 0  5n.3 

bVFFnCE' AFSOLUTE VALUS OF DFVIPTIO?:: 

Pmber  of e a t ?  s e t s  for  which t h e  devic . t icn  
exceeds 3X t h e  ave raae  & v i a t i o n :  0 
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PUN NU?"PFF 12 

P 1. 

Q2.1 
93.4 
92.7 
03.4 
92.7 
91.8 
01.5 
93.4 
92.4 
92.1 
02.4 
03.4 
93.1 
3 1 . 5  
92.1 
93.1 
93.7 
92.7 
92.4 
92.4 

Q 2  .6 

D .62 

M f Tf 

48.5 328.1 
45.3 32f3.0 
48.0 32Q.0 
48 .0  328.0 
48.1 325.1 
4e.4 ?'/P.O 
47.7 3 2 8 . 0  
49.3 325.1 
48.0 328.1 
47.5 328.1 
4P.2 328.1 
48.0 32R.L 
4 R . 5  325.1 
49.4 328.1 
46.5 328.1 
46.3 328.1 
4 4 . P  32Q.l 
44.4 32P.1 
44.9 328.1 
47.4 228.2 

V 

75 .Q 
77.2 
?6.4 
77.7 
74.2 
77.5 
75.5 
74.Q 
76.6 
74.R 
75 .Q 

75 .9 
77.2 
77.1 
75.1 
74.R 
73.1 
78.2 
76.9 
76.5 

Tv T? 

332.2 99.8 
332.1 100.1 
332.1 90.0 
332.1 90.g 
332.1 100.0 
3?2.1 9'3.7 
332.1 99.9 
332.1 99.9 
332.1 99.S 
732.1 99.9 
332.1 99.7 

332.1 99.8 

332.1 100.0 
332.1 99.9 
732.1 9 9 . 8  

372.n 100.1 
7'2.0 a?.? 

'32.1 1nc.c 

332.1 1on.i 

332.1 i o 0 . n  

kb- v c l t c  

309.C 457.2 
399.0 458.1 

309.fi 459.3 
309.0 45P.7 
207.R . 4 5 6 . Q  
307.5 457.5 
308.4 45P.7 
307.8 457.2 
303.6 457.5 
7 0 5 . 4  458.7 
305.4 457.2 

~ 9 . 0  w.rl 

305.4 4 5 8 . A  
3n5.0  457.2 
306.n 457.2 
3 0 9 . 6  452.1 
309.6 453.1, 
309.0 452.1 
307.8 452.1 
308.4 457.9 

PrPD s 

3FR.c; 
1 P R  .5 
2 e 4 . 5  
388.5 
3P7 .s 
3P7.P 
387 .q 
3P8.5 
3F8 .S 
3P4.8 
383.2 
7 8 4  .s 
3 R 4  .R  
J?4 .8 
3 Q 5 . 5  
394.5 
303 .p 
'93 .O 
3c0 .s  
391.5 

PVEFFCF VALUE: 

47 2 328.1 76.1 332.1 99.9 307.7 456.6 388.2 

W F F P C F  APSOLUTF VFLUE O F  DEVlFTIOIC: 

1.14 0.05 1.06 n.n4 0.10 1.43 1 . ~ 4  2.31 

frea 

5Q.7 
50.7 
59.7 
50.7 
5 4  .'i 
5 9 . 6  
59.6 
59.6 
59.5 
59.9 
59.0 
60.1 
60.2 
60.3 
60.3 
60.3 
60.2 
6Q.2 
66.1 
6@ .I 

59 .9 

Q.?7 

Nurrber of ? a t a  zets  f c r  w h i c h  t h e  d e v i a t i o n  
e x c e e d s  3Y t h e  a v e r a T e  e e v i e t i o n :  0 
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P 1. 

0 2 . 4  
41.4 
91.F; 
03.4 
91.2 
0l.P 
03.1 
41.2 

9 1 . 5  
9l .R 
01 .5  
9 1 . 5  
?2  . A  
01.2 
Q ?  . R  
PL.2 
01 .q 
92.7 
4 1 . 2  

90.9 

01.9 

0 .h2 
L i n e #  1 C c l *  3 
L j n e t  1P C e l t  7 
L i n e *  1 9  C c l g  7 
L j p e #  21) C c l A  7 

ORfGlNAL PAGE IS 
OF POOR QUALITY 

R U N  NUVFFF 3 3  

W f  Tf 

43.9  329.2 
43.6 328.1 
44.5 32P.1 
44.6 328.1 
44.9 32P.0 
43.3 32R.O 
4 5 . ?  323.0 
44.3 335.0 
41.9 325.0 
4 3 . 3  328.0 
43.R 1 2 P . C  
4 2 . 4  327.9 
42 .3  328.0 
42.9 327.9 
43.Q 327.9 
43.3 327.Q 
43.9 327.4 
42.1. 3?7.9 
43.Q 327.9 
42.7 328.17 

WV 

ccn. 7 
77.2 
7 7 . 5  
7 9 . 2  
79.5 
72.9 
79.7 
7 s  -6 
74. p 
77.4 
79.4 
75 .1  
77 .7  
79.1 
7 5 . 1  
77.7 
76.9 
76.3 
74.5 
76.9 

Tv 

331.4 
331.8 
3 3 1 , 8  
331.9 
331.9 
331.9 
331.7 
731.7 
331.6 
331.6 
331.4 
331 .? 
331.3 
331. . 2  
331.2 
331.2 
331.1  
331.0 
330 .Q 
330.9 

T% 

1 ” O .  1 
F Q  .9 

100.0  
1 0 0 . 1  

99 .9  
9 9 . 9  

1 0 0 . 2  
9 9 . 8  
99.9 

100 .0  
1 0 0 . 1  
100 .2  
1 0 0 . 1  

Q9.P 
9 a . 9  

1 0 0 . 0  
100.0 

100. (1 
99.F  

1oo.n 

k 5’ 

307.2  
3 0 7  .s 
306 .n  
? 0 6  .0 
306 .o 
306.0 
305.4 
30d .8 
304 . A  
304.2  
304 .2  
304 .2  

202.4 

3 0 3  .r) 
301.5 
325.9 
3 9 3  .Q 

297.4 

3 1 ) ~  .n 

3 n i . p  

vcl t E  

452.1  
4 5 4 . 2  
451.9 
451.9 
451.5 

451.5 
451 .5  
451. S 
452.4 
452.1 
452 .1  
4 5 3  0 
451.5  
451.  S 
452.7  
451.5 
450 .0  
420.9 
440.7 

451.5 

?PCE 

791.5 
390.0 
300.0 
3W.R 
3 0 . 0  
3p0.0 
390 .I) 
398 .E( 

3eo.  2 
2R7 .P 
2 P 6 . 2  
2 P G  .3 
3 8 5 . 5  
396.2 
3r5.5 
3FC; .S 
3 f ! A  .Q 

A20 .8 
77a .5  
375  .F1 

F V E P W E  V 4 L U E  : 

43.5 328.0 77.2 331.5 100 .0  303.Q 450.3 399.7 

D V E F 4 K  4PSOLUTE VALUE OF D E V I A T I O N :  

0.78 0 . 0 5  1 . 5 4  9 .29  0.09 4 .33  3 . 0 2  4.4: 

€ r eo  

59.5 
5 9 .  A 
59.3  
59.3 
5 0 . 2  
59.4 
59.7 
5 9 . 2  
5 Q .  1 
5 p  .Q 

5 s  .A 
5!? .6 
5 s  .5 
5 P  .4 
5 0  .? 
5.1.2 
5 9  .’3 
57.q 
q7.5 
5 9  .? 

59.7 

0.54 

Nurber c f  8 a t a  s e t s  f o r  t ih ic l .  t h e  c ‘ ev ia t ion  
e x c e e d s  3Y t h e  a v e r a q e  ? e v i a t i o n :  4 
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ORIGINAL PAGE IS 
OF ?COR Q U U l n  

FUN NOWREP 34 

P 1. M f  T F  V V  Tv T% k W  vclts a T r s  freo 

!.?S.Q 
134.9 
134 .3  
135.Q 
135.5  
123.4 
134.6 
134.6 
134.6 
124.0 
135.2 
1?2.4 
133.4 
134.2 
131.5 
1 3 5 . 5  
124.0 
134.6 
1 7 5  - 2  
136.7 

104.9 364.5 29.5 368.9 6 9 . 5  4 2 1 . 8  
105.4 364.4 30.3 365.7 69.6 4 2 1 . 2  
1 0 4 . 7  364.5 29.4 368.8 59 .9  420.6 
105.2 364.4 29.3 368.9 6? .9  4 2 Q . O  
105.7 364.4 29.6 368.8 6 9 . 9  421.2 
104.9 364.4 29.7 36.8.3 70.0 420.0 
106.4  ?64.4 29.9 368.8 70 .1  421.2 
105.2 264.4 29.5 368.8 70.1 421.n 
108.1 364.4 30.4 368.9 70.:? 423.6 
105.5 364.4 29.5 36f4.8 7 0 . ;  424.2 
106.7 364.4 29.5 36P.9 7 1 . ?  425.4 

106.7 364.4 30.2 368.7 72.5 426 .3  
108.P 364.3 30.6 368.7 72.5 036.0 
106.7 364.3 30.7 36R.2  72.7 427.2 
107.4 364 .3  29.9 36p.7 72.5 4 2 4 . . 2  
1 0 8 . 5  364.3 30.7 ?F;R.7 71.7 t 2 2 . 0  

1 0 6 . 2  264.2 2 9 . 9  ?6R.7 69.5 422.4 
104 .6  364.2 29.3 368.7 6P.6 4 2 1 . 1  

l C Q . 6  354.3 31.0 36n.8 72.2 4 t . T . O  

107.9 364.2 2 9 . ~  368.7 7n.5 4 2 2 . 0  

459.6 SlQ.(!  
461.1 51q.r) 
459.9 520.5 
459.9 519.P 
459.3 520.5 
459.6 5 2 0 . 5  
459.6  5 2 1 . 2  

4 5 a . o  5 2 5 . 0  
45C.Q 523.5 

45s .9  5L5.9 

1 6 0 . 2  526.5 
C62.0 527.3 
4 6 6 . 5  51Q.P 
465..? 519 .F  
465.6 51P.3 
l 5 5 . 3  517.5 
A65.3 5lcj.F 

459.9 520.5 

4 6 0 . 2  ~ 2 6 . 5  

51.1 5 2 5 . 0  

60 .5 
60.3 
60 .3  
60.4 
60.4 
60 - 4  
5 0 . 4  
60 .5  
60 L 

69.1 
6 C . 3  

€ 7 . 0  

m.5 
f1n.6 
60.7 
5n.q 
sn - 9  
6 n . R  
6 C . 5  
60.2 

P V P F a G F  VALUE : 

1 3 4 . 5  106.5 374.4 39.9  36R.7 70.7 422.0 4h1.5 521.6 G0.4 

FVEFACE AEEOLUTF VRLUE OF LPVXP.TION: 

n . m  1 . 7 5  c.04 0 . 4 2  n.93 1.99 i.wi 2 . m  2.31 ~ 2 0  
L i n e #  1 5  C c l g  1 

Purrher of gats s e t s  for which t h e  2eviatiov 
exceedE 2Y the a v e r a g e  8 e v i a t i o n :  z 
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171.5 1C7.7 
1 ? 4 . h  103.6 
1.35.9 106.2 
134.0 107.1 
135.5 106.9 
134 .6  105.5 
’-35.2 104.P 
!36.4 101 .6  
136.1 1t?3.? 
1 . 3 4 . 3  ?n?.-,  

3 6 4 . 0  3C.3 368.6 70.q 420 .C  

3 6 4 . 1  29.9 36e .6  7@.9 413.4 
3 6 4 . 1  29.P ? 6 9 . 5  7P.6 4 2 Q . P  
364.2 29.6 3 6 9 . 5  70.6 4 2 0 . @  

2 6 4 . 2  29.5 30P.6  69.5 4 2 0 . 0  
3 6 4 . 2  20.0 35p.5 6 8 . q  41P.2  
364.7 2 9 . 6  36P.6 6?.0 517.6 
3 6 4 . 2  2R.R 3 5 8 . 6  Sf?.@ 417.0 

3 6 4 . 1  29.n  3c;p.s 70.5 4 w . o  

3 6 4 . 2  29.2 3v.6 63.9 4 z o . c  

8 6 6 . 5  
4 6 7 . 5  
4 6 6 . Q  
466.F 
4 6 P . O  
4 6 6 . . -  
6 6 7 . 1  
466 .$ 

A 6 P . ?  
467.1 

5 1 4 . 5  c 1 . n  
512.3 6 9 . 5  
5 1 4 . 5  60.6 
51’..S 6 0 . 7  
513.3 6O.P 
5 1 2 . 9  ‘9.P 
4 1 3 . 0  6 0 . 6  
5 1 1 . 5  6n.4 
C 1 C . Q  60.2 
51o.n  6 8 . 9  

1 3 4 . 9  1 0 4 . Q  3 6 4 . 1  .5 3 6 n . S  69 .0  4 1 9 . 2  4 5 7 . 1  512 .5  S”I .= 

Kurber c f  ?a te  sets for Jhich the c‘evis t icn  
exceed:  3 t h e  averaqe d e v i a t i c n :  c 
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ORIGINAL PAGE 1s 
OF POOR QUALITY 

1 2 7 . 5  35.p 24F.9 R9.l 354.0 
129.4 3'5.2 34P.Q P7.A 3 5 5 . j  
1 3 0 . P  3 . 0  349.Q P9.4 '55.2 
L?o.l 2 4 . 7  34P.8 8S.9 355.2 
127.5 36.5 398.9 90.2 355.3 
128 .4  36.0 348.R 92.1 255 .3  
127.5 35.2 34R.7 P9.6 355.7 
127.R 35.P 348.7 88.1 255.2 
129.7 36.9 348 .q  PO.@ 355.2 
~ m . 7  25.5 3 ~ 8 . e  m . 7  355.2 

6 0 . 5  
60.S 
fj? .< 
68 -4  
70.5 
70.9 
70.R 
70.7 
69.9 
69.2 

a?q,q 46p.v 5 i 2 . n  5 c . o  
421.3 461.7 521.7 6 n . 7  
43P.6 461.4 5 1 9 . 2  6 C . d  
419.4 462.3 517.5 6 0 . 1  

421.P 461.7 510.P 60.4 

420.C 461.4 519.f'  60.6 
4 2 1 . e  462.9 5 2 0 . 5  60.6 
42n.6 462.6 518.3 60.4 

420.0 462.0 518.: 6n. i  

421.8 463.2 s i 9 . e  60.5 

aVEP4C;E VALUE : 

128.5 35.9 348.3 9 0 . 0  355.2 69.5 120.7 462.8 51P.E 60.5 

aVFPRGE APSOLLTE VALUF OF DEVIPTION: 

0.71 0.56 0.C4 1.27 d.06 0.77 0.91 1 . 1 5  1 - 6 2  0.19 
Line#  1 Ccl* 3 

h'urrber of d a t a  s e t s  €or w h i c h  the d e v i a t i o n  
c x c e e d e  ZX t h e  a v e r a s e  c7eviat ion: 1 

0-36 



RUN NUMBER 37 

P1 Yf Tf Y '. Tv T% kW voltE amps f r e a  

127.8 34.7 349.2 90.7 
127.8 34.9 349.1 90.4 
127.2 33.6 349.1 87.2 
128.4 35.0 349.0 P9.7 
127.5 34.0 349.0 87.9 
128.1 33.4 349.0 86.3 
128.1 34.6 348.9 89.1 
127.2 34.7 349.0 89.0 
127.5 35.7 348.9 89.6 
126.6 34.7 348.9 90.1 

354.9 
355.n 
355.0 
355.0 
355.0 
355.0 
355.0 
355.0 
355.0 
354.9 

70.3 
70.1 
70.0 
69.6 
69.4 
69.5 
71-6 
71.8 
71.7 
71.7 

418.8 
417.0 
417.6 
417.6 
417.0 
416.4 
422.4 
421.2 
422.4 
122.4 

466.5 512.2 
466.5 510-8 
466.5 510.0 
466.5 512.3 
467.7 510.8 
466-5 510.8 
467.4 516.0 
466.9 517.5 
466-8 518.3 
466.5 517.5 

60.6 
60.5 
60 - 5  
60.5 
60.5 
60.4 
60.1 
60.3 
60.4 
60.5 

AVEPFGE VALUE : 

127.6 34.5 349.0 89.0 355.0 70.6 419.3 466.8 513.6 60.4 

AVERAGE AESOLUTE VALLT OF DEVIATION: 

0.43 0 - 5 0  0.06 1.11 0.03 0.89 2.26 0.30 2.97 0.10 
L i n e #  1 Coll 3 

Number of d a t a  sets for which t h e  d e v i a t i o n  
e x c e e d s  3Y t h e  aversga d e v i a t i o n :  1 

0-37 



P1 

138.6 
139.2 
139.8 
138.3 
138.0 
138.6 
138.9 
140.4 
140.1 
141.1 

139 .3 

0 -85 
Line# 3 C o l t  3 

RUN NUMBER 38 

M f  Tf 

73.5 355.3 
72.1 355.3 
70.2 355.3 
72.2 355.3 
74.3 355.3 
75.9 355.3 
74.7 355.3 
72.5 355.3 
71.6 355.3 
69.8 355.3 

Mv TP 

49.9 357.2 
49.5 357.1 
47.4 357.1 
50.5 357.1 
50.7 357.2 
50.0 357.1 
51.1 357.1 
47.8 357.1 
46.9 357.2 
47.3 357.2 

AVEPbGE VALUE : 

72.7 355.3 49.1 357.1 

k w  vul t s  amps freq  T% 

80.2 520.2 
80.5 522.0 
80.7 521.4 
82.1 522.0 
82.0 519.0 
81.7 520.8 
80.5 517.8 
77.1 514.2 
76.0 512.4 
78.4 513.0 

461.7 639.8 
462.0 639.0 
461.7 639.0 
461.4 639.8 
468.3 632.3 
467.7 634.5 
467.4 629.3 
468.6 626.3 
467.1 624.0 
468.0 623.3 

60.0 
60.1 
60.0 
60 -1 
60.4 
60.7 
61.0 
60 .6 
60.0 
59.7 

79.9 518.3 465.4 632.7 60.2 

AVERAGE ABGOLUTE VALUE OF DEVIATION: 

1.53 0.01 1.42 0.05 1.66 3.14 2.95 5.70 0.32 

Number of d a t a  sets for  which the d e v i a t i o n  
e x c e e d s  3X t h e  average d e v i a t i o n :  1 

0-38 



P1 

14C.1  
1 4 0 . 4  

140.7 

3.15 

FUN N G X 3 E F  39 

Y f T f  x v T V  T% kk. v c l t s  m p s  

7 1 . 0  355 .4  49 .0  253 .5  79.5 5 1 4 . 8  45P.9 0 2 5 . 5  
72.3 3 5 5 . 4  49.4 357 .5  7 9 . 6  5 1 5 . 4  4 6 i . 4  6 2 7 . 8  

AVEPACE VALUE: 

71.6 355.4  4 9 . 1  3 5 7 . 5  79.5 5 1 5 . 1  4 6 6 . 2  6 2 6 . 6  

P V E F F S E  AESOLLTE VALCE OF DEVIFTICN: 

n e -  < . J I  0.00 9 .25  3.C3 0 .05  C . 3 C  O . l E  1 .13  

f rea 

5 ? . Q  
60.3 

5 5 . 1  

3.17 

Ncnker of ? e t 2  sets f c r  which the e e v i a t i c n  
exceeds 3 thle averace  Z e v i z t i c n :  I\ 



P1 

155.8 
156.4 
154.3 
154.9 
155.5 
154.0 
153.7 
154.9 
155.2 
155.5 

155.0 

0 -68 

RUN NUMBER 40 

M f  Tf MV Tv 

29.1 370.2 32.7 371.1 
29.2 370.2 32.2 371.2 
29.9 370.3 32.2 371.1 
31.0 370.2 34.2 371.2 
30.6 370.2 32.8 371.2 
30.7 370.3 33.6 371.1 
29.6 370.2 32.7 371.2 
30.2 370.2 33.3 371.2 
30.0 370.2 33.4 371.1 
30.3 370.2 34.2 371.1 

AVERAGE VALUE : 

30.1 370.2 33.1 371.2 

T% kw voltr arps 

85.7 624.6 471.0 758.3 
86.1 625.2 471.0 757.5 
86.4 624.6 472.2 757.5 
86.8 628.2 472.5 761.3 
87.4 630.0 472.5 763.5 
87.6 629.4 471.0 765.0 
87.4 630.6 471.3 764.3 
87.4 631.2 471.6 765.0 
87.2 630.6 471.0 76L.8 
86.6 631.2 471.0 765.0 

86.8 628.6 47l.5 762.3 

AVERAGE ABSOLUTE VALUE OF DEVIATION: 

0.50 0.02 0.61 C.05 0.52 2.33 0.55 2.94 

f req 

60.0 
50.1 
60.2 
60.0 
60.1 
60.2 
60.3 
60.4 
60 .4 
60.4 

60.2 

0.13 

Number of d a t a  sets f o r  which t h e  deviation 
exceeds 3X the average deviation: 0 

0-40 



RUN NUMBER 4 1  

PI. 

155.8 
155.2 
157 .I 
156.7 
156.4 
157 .1 
157.7 
154.9 
156.4 
156 .4 

156.4  

0.66 
Line# 5 C o l t  8 
Line# 8 C o l #  9 

M f  Tf Mv Tv T% kW v o l t s  amps 

29.8  
29.2 
29.6 
29.7 
29.2 
29.2 
29 .1  
29.2 
28 .8 
30 .O 

370.2 
370.2 
370.2 
370.2 
370.2 
370.2 
370.2 
370.2 
370.2 
370.2 

32.6 
32.4 
32.2 
32.7 
31.8 
33 .O 
31.7 
32.8 
31.6 
33 .2  

AVERAGE VALUE: 

371.2 85.2 626.4 
371.2 84.8 625.2 
371.3 84.4 625.2 
371.3 84.3 623.4 
371.3 84.3 625.8 
371.3 84.4 624.6 
371.4 84.6 625.2 
371.3 84.6 623.4 
371.3 65.0 625.8 
371.3 85.0 625.2 

471.0 
470.7 
470.7 
471.0 
471.9 
471.0 
471.0 
471.3 
471.0  
471.0  

759.0 
759.8 
t 5 9 . 0  
756.8 
757 .5 
757.5 
758 .3 
754.5 
758.3 
759.8 

29.4 370.2 32.4 371.3 84.6 625.0  471 .1  758.0 

AVERAGE ABSOLUTE VALUE OF DEVIATION: 

0.70 0.00 0.46 0.06 0.27 0.73 0.22 1.11 

freq 

60.5 
50 .5 
60.4 
60.3 
60.3 
60 . r  
60 .2  
60.2 
60.3 
6 0  .3  

60 - 3  

0.08 

N u n b e t  of data sets for which t h e  d e v i a ' i o n  
e x c e e d s  3X t h e  a v e r a g e  d e v i a t i o n :  2 

0-41 



OR!C.tNkL PAGE 13 
OF POOF! G!!ALITY 

P1 

136.4 
136.7 
135 .5 
135 -8 
135.8 
135 .5 
135 .f 
135.5 
136.1 
134.9 

135.8 

0.40 

RUN NUMBER 42 

M f  Tf YV Tv 

9.9 355.0 76.8 358.7 
9.2 354.9 73.7 358.6 
9.3 355.0 76.2 358.6 
9.4 354.9 74.0 358.6 
9.4 354.9 78.0 358.6 
9.6 354.9 76.9 358.6 
9.1 354.9 74.5 358.6 
9.1 354.9 75.1 358.5 
9.5 354.9 73.9 358.6 
9.8 354.9 76.6 358.5 

AVERAGE VALUE : 

9.4 354.9 75.6 358.6 

T% k W  volts amps 

97.5 581.4 455.4 729.8 
97.9 582.6 456.0 731.3 
98.0 583.8 455.4 732.0 
97.9 f83.2 456.0 732.0 
97.8 583.8 456.9 732.0 
97.8 582.6 456.6 731.3 
97.3 583.8 456.6 731.2 
96.8 583.8 455.4 732.0 
96.7 582.6 455.7 730.5 
96.8 582.0 455.7 731.3 

97.4 583.0 456.0 731.3 

AVERAGE ABSOLUTE VALUE OF DEVXATXQK: 

0.21 0.02 1.32 0.06 0.42 0.72 0.45 0.54 

f req  

59.6 
59.8 
59.8 
53.9 
60.0 
60.0 
60.0 
59.9 
59.8 
59.7 

59.9 

0.11 

Number of d a t a  sets for which t h e  2 e v i a t i o n  
e x c e e d s  3X t h e  a v e r a g e  d e v i a t i o n :  0 

0-42 



1 

PI F?f Tf Y V  Tv T% kW v o l t s  amps f r e q  

137.1  9.6 354.2 
135.8 9.8 354.2 
135 .8 9.2 354.2 
134.9 9.5 354.1  
137 .1 9.6 354.1  
135.8 9.4 354.1 
136.1  9.4 354.1 
135.8 9.3 354.0 
135 .Q 9.8 354.0 
135.5 9.9 354.0 

79.7 
79.4 
75.5 
77.2 
76  .3 
75 .0  
75.3 
73.7 
74.4 
77.5 

358.8 97 .2  582.6 455.4 731.3  59 .7  
358.8 9 7 . 1  584.4 456.9 732.0  60 .0  
358.8 97 .2  585.0 456.6 732.8 6 0 . 0  
358.6 97.1 585.0 456.6 731.3 60 .0  
358.6 96.4 583.8 456.3 731.3 59.9 
358.5 96.4 582.6 455.7 73>.3 59.8 
358.6 96.4 582.0 455.4 730.5 59.7 
358.5 96.5 581.4 455.7 729.8  59.6 
358.6 97.4 581.4 456.9 729.0 59.5 
358.5 98.5 582.6 456.0 730 .5  59.6 

AVERAGE VALUE: 

136 .O 9.6 354.1 76.4 358.6 97.0 583 .1  456.2 731.0 59.8 

AVERACE ABSOLUTE VALUE O F  DEVIATION: 

0.46 0.18 0.04 1.64 d . 1 1  0.47 1 .18  0 .51  0 .81  0 .17  
Line$ 10  Colt 6 

Nusber of d a t a  sets for which t h e  d e v i a t i o n  
exceeds 3X t h e  average  d e v i a t i o n :  1 

0-43 



P1 

169.7 
172.1 
171.8 
170.9 
169.1 
169.7 
170 -9 
172.1 
168.7 
171.5 

170.7 

1.10 
L i n e #  2 Cole 4 

Ftik NUMBER 44 

M f  Tf Yv Tv 

71.7 
74.7 
75.2 
74.8 
74.0 
76 .O 
71.2 
70.6 
73.4 
73 .8 

370.9 28.2 375.4 
370.8 33.7 375.2 
370.8 28.0 375.3 
370.8 27.7 375.3 
370.9 22.4 375.3 
371.0 24.3 375.3 
371.0 26.8 375.2 
371.0 27.2 375.3 
371.0 27.9 375.3 
371.1 24.5 375.4 

AVERAGE VALUE : 

73.5 370.9 27.2 375.3 

T% kb’ volts 

96.9 748.3 
95.9 744.0 
97.1 745.8 
99.0 747.0 
99.3 741.0 
98.0 712.8 
92.9 753.0 
9t.2 742.2 
98.0 746.4 
98.5 753.6 

482.1 
48 2.7 
483.6 
483.9 
480.3 
479.1 
486.0 
482.7 
483.6 
485.4 

97.0 746.4 482.9 

AVERAGE ABSOLLTE VALUE O F  D E V I A T I O N :  

1.43 0.07 2.13 0.06 1.60 3.24 1.56 

amps 

P82.8 
879.8 
878.3 
882.0 
879.8 
884.3 
883.5 
R75.3 
879.8 
88 5.8 

881.1 

2.E5 

f req  

60.9 
6a.3 
60.0 
60.4 
60.8 
61.2 
60.6 
53.8 
60.1 
60.4 

60.4 

0.33 

Nuaber of d a t e  s e t a  for  w h i c h  t h e  d e v i a t i o n  
e x c e e d s  3X t h e  average  deviation: 1 

0-44 



e1 

142 .O  
141.7 
142.3 
141.7 
142.3 
141.1 
139.8 
140.4 
137.4 
139.8 

14C.8 

1.18 

FUN NUWBEF 45 

Y €  Tf M V  Tv 

?.3 367.8 
7.9 367.6 
7.9 367.5 
8.1 367.5 
8.2 367.5 
8.0 367.4 
8.3 367.4 
8.4 367.3 
8.3 367.3 
8.3 367.3 

27.8 
26.7 
27.8 
27.5 
27.1 
26.5 
27.5 
28.3 
28 . O  
28.5 

AVERAGE VALUE : 

378.6 
378.5 
378.6 
378.6 
378.5 
378.5 
378.5 
378.5 
378.4 
378.3 

8.2 367.5 27.6 378.5 

kh' volts amps freq T% 

00.5 
60.5 
60.6 
50.7 
60.5 
61.5 
62.7 
63.3 
64 .O 
64.6 

170.4 4615.3 
169.8 463.8 
169.8 463.8 
169.2 463.5 
169.2 464.4 
172.2 463.5 
174.0 465.3 
173.4 464.4 
173.4 463.8 
172.8 463.8 

213 .F 
213.8 
213.8 
214.5 
213.8 
219.8 
219.8 
218.3 
219.8 
220.5 

59.8 
59.7 
59.8 
59-7 
59.7 
59.5 
59.6 
59.6 
59.6 
59.7 

61.9 171.4 464.2 216.8 59.7 

AVERAGE 9BSOLUTE VALUE OF DEVIATION: 

0.17 0.13 0.50 0.08 1.41 1.74 0.55 2.85 0.08 

I 

, 

Number of data sets for which the eeviation 
exceeds 3X che  average deviation: 0 

0-45 



P1 

12 2.9 
120.4 
120 . 1 
120.1 
118.3 
119.2 
11 5.8 
11 6.1 
11 6.7 
117.1 

118.7 

1.38 
Line# 1 Col# 2 

ORIGINAL PAGE IS 
OF POOR QUALITY 

F U N  NUMBER 46 

Cf Tf M V  Tv 

9.4 360.8 31.5 376.4 
9.9 360.7 32.9 376.3 
9.8 360.6 32.5 376.2 
9.9 360.4 31.9 376.2 
10.0 360.4 31.8 376.2 
10.0 360.3 32.7 376.3 
10.0 360.2 32.9 376.2 
10.0 360.1 32.9 376.2 
9.8 360.1 33.2 376.2 
10.1 360.0 33.2 376.1 

AVERAGE VALUE : 

9.9 360.4 32.6 376.2 

T% k W  volts arps  

86.3 
93.4 
91.5 
93.6 
95.6 
96.8 
97.9 
99.8 
99.8 
99.6 

172.2 
171.6 
171.0 
172.2 
171.6 
171.0 
171.0 
171.6 
171.0 
171.0 

464.4 217.5 
464.4 217.5 
464.1 217.5 
465.3 216.8 
464.1 218.3 
464.1 216.8 
464.1 216.0 
465.3 216.8 
465.3 216.0 
465.3 215.3 

95.1 171.4 464.6 216.8 

AVERAGE AESOLUTE VALUE O F  D E V I F T I O N :  

0.13 0.21 0.50 0.07 3.73 0.42 0.53 0.69 

freq 

59.1 
59.2 
59.1 
59.1 
59.0 
59.0 
59.0 
59.0 
58.9 
58.9 

59.0 

0 . 0 7  

Nurrber o f  $ e t a  s e t s  for which t h e  a e v i a t i o n  
e x c e e d s  3X t h e  average  Cev ia t ion:  1 

0-46 



P1 

142.3 
143.2 
142.9 
142.6 
143.5 
143.2 
142.9 
143.8 
145.7 
144.4 

143.5 

RUN NUMBER 47 

M f  T f  MV T v  

a.4 383.6 13.3 394.1 
8.2 383.6 13.3 394.2 
8.2 383.6 13.3 394.1 
8.2 383.6 13.4 394.1 
8.0 383.6 12.8 394.1 
8.3 383.6 13.4 394.1 
8.5 383.6 13.2 394.2 
8.2 383.5 12.7 394.2 
8.2 383.6 13.1 394.1 
8.3 383.5 12.9 394.2 

AVE RAG E VALUE : 

8.2 383.5 13.1 394.2 

T% k W  v o l t s  amps 

52.5 333.6 474.9 402.8 
52.5 333.6 475.2 402.0 
52.7 333.6 474.9 402.0 
52.6 333.6 474.6 402.8 
52.6 333.6 474.0 403.5 
52.8 333.0 474.0 402.8 
52.6 330.0 474.3 398.3 
51.8 329.4 474.0 398.3 
51.3 329.4 474.0 397.5 
50.4 328.2 475.5 396.0 

52.2 331.8 474.5 400.6 

AVEPAGE ABSOLUTE VALUE OF DEVIATION: 

0.73 0.11 0.02 0.21 0.94 0.61 2.04 0.48 2.46 
Line# 9 ColR i 

f r e q  

60.4 
60.4 
60.4 
60.5 
60.4 
60.3 
60.5 
60.6 
66.5 
60.4 

60.4 

0.06 

N u m b e r  of  d a t a  sets fot which the deviation 
e x c e e d s  3X t h e  a v e r a g e  drviation: 1 

0-47 



ORIGINAL PAGE 12 
3F POOR QUkLtTY 

RUN NUMBER 48 

k K  volts amps f r e q  P1 M f  Tf y v Tv T% 

141.1 E . 2  387.6 13.@ 394.1 53.2 
141.1 F . 2  383.6 13.2 334.1 53 4 
141.1 P.3 383.6 13.3 394.1 53.7 
141.4 8.3 383 6 13.6 394.1 53.9 
142 - ?  5.2 353.6 13.0 394.1 53.0 
142.9 8.2 383.6 13.3 394.1 52.2 
144.4 8.2 383.6 13.1 394.1 51.3 
144.7 8.1 383.6 13.2 394.1 51,3 
143.2 8.3 383.6 13.2 394.1 51.2 
144.4 6.2 383.6 13.3 394.1 51.7 

334.2 
334.2 
231 ,F. 
333.0 
332.4 
332.4 
330.6 
330.6 
330.0 
331. 8 

471.C 408.0 
471.3 407.3 
376.7 3?9.8 
4 7 6 . 4  399.8 
4’- 7 400.5 
4 . ; , * 2  398.; 
476.7 399.8 
416.7 399.@ 
476.4 338.3 
477.9 398.3 

60.3 
60.3 
60.4 
60.6 
F;? .6 
60.5 
60.4 
60.2 
60.2 
60.3 

AVF RAG E VALUE : 

142.7 8.2 383.6 13.2 334.1 52.5 532.2. 4 l 5 . 9  100.9 50.4 

AVERAGE A B S O L V E  VALUE OF D E V I A T I O N :  

1.27 0.05 (3.01 0.12 0.01 0.92 1.14 1.85 2.70 U . 1 1  
Linet  i C o l l  3 

Nmber of d a t a  s e t s  f c r  which the e e v i a t i o n  
e x c e e d s  2y t h e  a v e r a g e  d e v i a t i o n :  1 

(1-48 



ORIG!NAL PAGE !S 
OF POOR QUALIT\;’ 

P1 

142 .6 
142.6 
144.4 
142.3 
143.8 
143.2 
142 -3 
142 -6 
143.5 
142.3 

143 . 0 

0 -53 
Line# 2 Colt 8 

PUN NUMBER 49 

M f  Tf 

8.8 369.3 
8.8 369.3 
8.9 369.3 

9.0 369.3 
8.8 369.3 
8.9 369.3 
8.8 369.3 
8.8 369.3 
8.6 369.3 

8.8 369.3 

MV Tv 

43.4 380.6 
43.1 380.6 
43.7 380.6 
43.8 380.6 
43.0 380.6 

43.6 380.6 

42.7 380.6 

42.7 380.6 

42.9 380.6 

43.0 380.6 

AVEPAGE VALUE : 

8.8 369.3 43.2 380.6 

T% kP v o l t s  arnps 

78.6 333.0 
79.1 332.4 
78.8 333.6 
79.0 333.6 
79.1 333.6 
79.1 333.6 
79.1 333.6 
79.2 333.6 
79.3. 333.6 
79.3 333.0 

471.5 
470.4 
471.6 
471.0 
4716 9 
471.6 
471.6 
471.6 
471.9 
471.6 

405.0 
406.5 
405.8 
405.0 
405.0 
405.8 
405.8 
405.8 
406.5 
405. 0 

79.9 333.4 471.5 405.6 

AVEPAGE AESOLUTE VALUE OF DEVIATION: 

0.07 0.04 0.34 0.03 0.15 0.34 0.31 0.48 

Nurber of dcta sets for which t h e  deviation 
e x c e e d s  3X t h e  average Ceviation: 1 

freq 

60.1 
60.1 
60 .O 
60.0 
60.0 
60.0 
60.1 
60.0 
60.0 
60.0 

! 
1 

60.0 

0.02 

0-49 



ORIGINAL PAGE IS 
OF POOR QUALlTY 

RUN NUMBER 50 
i 

kW v o l t a  amps freq P1 M f  Tf MV Tv T% 

154.3 7.2 
155.5 7.5 
156.1 7.1 
154.6 . 7.3 
154.6 7 01 
154.3 7 04 
153.7 7.2 
153.1 7.2 
154.0 7.4 
152.1 7.2 

368.5 44.2 
368.5 44.4 
368.5 45.0 
368.5 45.2 
368.5 44.4 
368.6 45.2 
368.6 44.8 
368.6 45.3 
368.6 46.6 
368.6 46.0 

379.8 
379.7 
379.7 
379.7 
379.7 
379.7 
379.7 
37Q.6 
379.6 
379.5 

64.6 330.0 473.1 400.5 
64.A 333.0 474.9 402.0 
64.4 334.2 466.2 410.3 
64.2 334.8 468.0 408.8 
64.5 333.6 467.7 408.0 
65.8 334.2 467.7 410.3 
66.1 334.8 469.2 408.0 
66.4 334.8 461.6 408.8 
66.5 335.4 469.5 409.5 
66.7 334.2 467.7 409.5 

60.1 
60.4 
60.3 
60.1 
60.0 
60.1 
60.2 
60.3 
60.3 
60.2 

AVERAGE VALUE : 

154.2 7.3 368.6 45.1 379.7 65.4 333.9 469.3 407.6 60.2 

AVERAGE ABSOLUTE VALUE O F  DEVIATION: 

0.81 0.13 0.04 0.55 0.05 0.91 1.02 1.94 2.52 0.07 
Line# 1 Colt 7 

Number of data  sets for which t h e  d e v i a t i o n  
exceeds  3X the average deviat ion:  1 

L 

0-50 
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P1 

153.1 
153 .4 
152.7 
153 .7 
153.1 
152.7 
151.5 
153.7 
152 .7 
153.4 

153.0 

RUN NUMBER 51 

M f  T f  Mv Tv 

7.4 
7.3 
7.2 
7 05 
7 .2 
7.2 
7.4 
7.6 
7.4 
7.3 

368.5 
368.5 
368.5 
368.5 
368.5 
368.5 
368 .5 
368.5 
368.5 
368.5 

45 .6 
45 03 
4s 03 
46.0 
45 09 
46.1 
46.2 
46.3 
46.8 
45 07 

AVERAGE VALUE : 

379.5 
379.5 
379.5 
379.4 
379.4 
279.4 
379.4 
379.4 
379.4 
379 . 3 

7.4 368.5 45.9 379.4 

T% kW volts amps 

66.9 334.8 
66.7 336.0 
66.8 335.4 
66.8 335.4 
66.9 335.4 
66.9 334.8 
66.7 334.2 
67.0 334.8 
67.0 331.2 
67.0 331.8 

468.0 410.3 
469.2 410.3 
468.6 408.8 
468.3 400.9 
469.2 408.8 
467.7 409.5 
467.7 408.8 
467.7 409.5 
469.2 404.3 
468.0 4 0 5 - 0  

66.9 334.4 468.4 408.4 

FVERAGE APSOLWE VALUE OF DEVIATION: 

0.44 0.12 0.01 0.37 0.04 0.12 1.19 0.55 1.50 
L i n e #  1 Colt 3 
L j n e t  7 Cclt 1 
L i n e #  10 CallC 10 

Number of data sets f o r  which t h e  dev ia t ion  
exceeds 3X t h e  average Ceviation: 3 

freu 

60.3 
60.3 
60.3 
60.3 
60.3 
60.2 
60.2 
60.2 
60.3 
60.5 

60.3 

0.06 

('-51 



F1 

160.7 
159.8 
158.3 
159.5 
159.5 
159.2 
157.7 
157.4 
159.5 
158.3 

159.0 

0 -87 
Line# 1 C c l t  6 

RUN NUMBER 5 2  

Yi Tf 

13.7 377.1 
13.8 377.2 
14.2 377.1 
14.1 377.2 
14.0 377.2 
14.2 377.2 
14.6 377.2 
14.1 377.2 
13.6 377.2 
14.2 377.3 

Mv T v  

33.6 383.7 
34.2 383.7 
35.6 383.7 
35.0 383.6 
34.0 383.6 
34.6 383.5 
34.9 383.5 
35.0 383.5 

35.1 383.4 
34.0 383.5 

AVEPFGE VALUE : 

14.1 377.2 34.6 383.6 

kt- volts  amps T% 

69.4 
71.2 
71.8 
72.2 
72.4. 
72.7 
72.8 
72 .9 
72.9 
73 .J 

337.8 481.2 401.5 
341.4 474.6 411.8 
341.4 474.0 413.3 
342.6 475.2 412.5 
341.4 474.6 413.3 
342.6 474.6 413.3 
341.4 474.3 413.3 
341.4 474.6 412.5 
342.0 474.6 413.3 
341.4 474.6 412.5 

72.1 341.3 475.2 411.9 

AVEEFGE A E O L U T E  VALUE OF DEVIATION: 

0.24 0.05 0.52 U.07 0.82 0.71 1.19 1.71 

Number of data  sets f o r  which t h e  d e v i a t i o n  
exceeds  3X t h e  average deviat ion:  1 

freq 

60.3 
60.2 
60.1 
60.2 
60.2 
50.2 
60.2 
60.2 
60.2 
60.2 

I 

6 1.2 

0 -04 

0-52 



PI 

159.5 
157.7 
159.5 
158.9 
162.0 
160 . 1 
1 6 1  . 1 
161.4 
159.2 
158.6 

159.8 

1 .07  
Line# 5 C o l t  8 

PUN NUMBER 53 

M f  Tf Mv Tv 

13.5 377.7 
13 .3  377.3 
13.7 377.2 
13 .5  377.3 
13.7 377.3 
13.5 377.3  
13.0 377.2 
13.7 377.3 
13.7 3'77.2 
14.0 377.3 

33.7 
33.6 
34.0 
32.9 
34.0 
33 03 
34.4 
33 07 
34.3 
34.2 

AVERAGE VALUE : 

383 .5 
383 .4 
383 .4 
383.4 
383.4 
383.4 
383 .4 
383 .4 
383 .4 
383.4 

13 .6  377.3 33.8 383.4 

T% kK v o l t s  amps freq 

70 .7  340.2 
71 .0  337.2  

69.6 337.2 
69.6 341.4 
69.8 337.8 
70 .3  337.8 
70.7 739.0 
70.6 339.0 
70.9 338.4 

70.3 337.8 

473 07 
473 07 
474.0 
474.6 
464.7 
472.5 
471.9 
471.6 
472.5 
471.0 

412.5 
407.3 
407.3 
407.3 
417 .S 
409.5 
410.3 
411.0 
411.0 
410.3 

60 .1  
60.3 
60.3 
60 .3  
6 0 . 1  
6 0 . 1  
60 .2  
60 .2  
60.3 
6 0 . 1  

70.4 338.6 472.0 410.4 60.2 

AVEPAGE ABSOLtlTF VALUE OF DEVIATION: 

0.17 0.03 0.38 0.04 0.41 1.06 1.78 2.13 0 .09  

Number of d a t a  sets for which t h e  d e v i a t i o n  
e x c e e d s  3X t h e  average d e v i a t i o n :  1 

0-53 



ORlGlMAL PAGE IS 
O f  POOR QUALIN 

1 

P1 

155.5 
lf4.0 
154 -9 
155.2 
155.2 
154.6 
155.5 
155.2 
155.5 
156.1 

155.2 

0 -41 

RUK N W B E E  54 

M f  T f  Mv TV 

27.1 
26 .O 
27.0 
26.8 
27.8 
27.5 
26 .7 
27.2 
26.9 
26.5 

387.1 14.4 
367.1 14.4 
387.2 14.4 
387.2 14.4 
387.2 14.6 
387.2 14.4 
387.2 14.2 
387.2 14.7 
387.3 14.6 
387.3 14.5 

PVEPAC-E VALUE : 

392 - 5  
392 -4 
392 .4 
392.4 
392 .4 
392.4 
392.5 
392.5 
392.5 
392.5 

27.0 387.2 14.5 392.4 

T% kF’ volts amps 

80.2 346.2 
80.9 345.6 
81.C 345.0 
80.9 345.0 
80.9 346.2 
80.9 342.0 
80.5 343.2 
79.9 342.6 
78.8 342.6 
77.8 142.6 

475.5 
475.5 
474.0 
473 07 
474.9 
480.0 
481.1 
480.3 
480.6 
481.5 

417.8 
4 16 - 3  
417.8 
417 .O 
417.0 
409.5 
408.8 
403.5 
405.5 
4 C e  -8 

80.2 344.1 477.7 413.2 

AVPPAGP AESOLUTE VALUE OF DEVIATION: 

0.30 0.04 0.10 0.03 0.82 1.50 3.00 3.98 

Nurrber of data sets for whjch t h e  d e v i a t i o n  
exceeds  3Y t h e  average deviat ion:  0 

f rea 

60.1 
50.0 
60.0 
60.1 
60.1 
60.2 
60.3 
60.3 
60.2 
60.2 

60.2 

0 . 0 1  

k. i 
b 

0-54 



RUN NUHEBF 55 

P1 M f  Tf M V  Tv T% kW v o l t s  amps f r e a  

159.e 
159.2 
159.2 
159.5 
158 -9 
159.2 
159.5 
158.0  
157 -7  
158.3 

25,3 
26.8 
26.1 
26 -1 
26.3 
26.3 
26 - 2  
26.2 
25 -1 
26 -3 

387.6 13.6 393.0 73.3 341.4 474.@ 412.5 60.1 
387.6 14.4 392.9 75.6 345.6 474.9 417.0 59.0 
387.6 14.4 393.0 75.9 346.8 475.3 417.0 60.0 
287.6 14.2 392.9 76.4 346.2 474.6 417.8 60.1 
3e7.6 14.4 393.0 76.4 346.2 476.1 417.8 60.1 
3k7.6 13.9 392.9 76.7 345.6 475.5 417.8 60.1 
387.6 14.2 392.9 77.0 345.8 475.2 418.5 60.0 
387.6 14.4 392.9 77.2 345.6 473.7 417.9 60.1 
387.7 14.2 392.9 77.3 345.6 473.7 417.8 60.1 
387.7 14.3 392.9 77.3 345,6 474.6 416.3 60.1 

AVERAGE VALUE: 

158.9 26.2 387.7 i4.2 393.0 76.3 345.5 474.8 417.0 60.1 

AVERAGe ABSOLUTE VALUE OF DEVIATION: 

0.58 0.23 0.02 0.18 0.03 0.81 0.83 0.69 1.05 0.04 
Line# 1 C o l #  2 
Line# 2 C o l t  10 

Nunber of data  sets  for which t h e  d e v i a t i o n  
e x c e e d s  3X t h e  average d e v i a t i o n :  2 

0-55 



ORIGINAL PAGE 
OF POOR QuMnv 

P1 

176 .4 
176.7 
176 .1 
176.7 
177 .1 
176 -4 
176 .4 
177 -1 
176 .7 
175.5 

176 . 5 

0 -34 
L i n e #  1 C c l t  6 
L ine#  5 ColC 3 
L S n e t  10 Colt 1 

RUN NUMBER 56 

M f  Tf  F V  Tv 

42.2 393.9 12.9 402.2 
42.8 393.9 12.9 402.2 
43.1 393.9 12.9 402.2 
41.9 393.9 12.7 402.3 
42.1 394.0 12.8 402.2 
41.P 393.9 12.8 402.3 
42.4 303.9 13.4 4C2.3 
42.0 393.9 12.8 402.2 
41.9 393.5' 12.7 402.2 
41.9 393.9 13.5 402.2 

AVFFnG'E VALUE : 

42.2 393.9 12.9 402.3 

kW v c l t s  amps T% 

62.2 
61 .7 
61.6 
61.6 
61.7 
61.4 
61.4 
61.5 
61.5 
61 -4 

340.2 480.3 407.3 
341.4 451.8 405.8 
341.4 480.9 405.e 
340.2 480.0 407.3 

340.8 481.8 405.0 
340.2 480.0 405.8 
340.2 480.6 407.3 
340.2 480.3 407.3 
343.2 474.9 414.0 

240.2 480.3 406.5 

61.6 340.8 480.1 407.2 

PVEFPGE ABSOLLTE VALUE O F  DEVIaTION: 

0.34 0.01 0.20 0.02 0.17 0.72 1.07 1.43 

Number of d a t a  sets fcr which t h e  e e v i a t i o n  
e x c e e d s  3X t h e  average  d e v i a t i o n :  3 

i 

! 

freq . 

60.3 . 
60.2 1- 
60.3 i. 
60.3 I 
60.3 . 
60.2 i 
60.3 
50.3 i 
60.3 ' 
60.2 L 

i 
\ 

60.3 
I 

i -  

0.04 
I 

= 

0-56 



P l  

166 .6  
167 .8  
1 6 8 . 1  
l67 .R 
1 7 0 . @  
169 .7  
1 7 1 . 8  
171 .8  
1 7 0 . 6  
1 7 1 . 2  

1 6 9 . 5  

1 . 5 6  
Line# 1 C o l d  7 

FUN NWBEP 57 

?4f Tf M V  TV 

44 .6  3 9 4 . 0  1 2 . 9  401 .5  
4 5 . 8  3 9 4 . 0  13 .4  4 0 1 . 8  
44 .6  3 9 4 . 0  1 3 . 7  4 0 1 . 8  
44 .3  394 .0  1 3 . 5  4 0 1 . 8  
4 3 . 9  394 .0  1 3 . 5  4 0 1 . 8  
43.9 3 9 4 . 0  12.R 401 .8  
4 3 . 4  394 .0  1 3 . 8  401 .3  
44 .1  394 .0  1 4 . 0  401 .9  
4 3 . 3  3 9 4 . 0  1 3 . 0  401 .9  
4 3 . 2  394.0 1 3 . 4  4 0 1 . 9  

AVERAGE VALUE: 

4 4 . 1  394 .0  13 .4  4 0 1 . 8  

T% kW vol t s  anps 

6 9 . 2  348.C 4 7 4 . 0  420 .8  
68.R 344 .4  4 7 4 . 6  414 .8  
68.P 344.4  4 7 4 . 0  417 .0  
6 8 . 1  344 .4  474 .0  416 .3  
6 7 . 2  3 4 5 . 0  4 7 4 . 0  4 1 6 . 3  
6 6 . 2  345 .6  474 .6  416 .3  
6 5 . 7  1 4 5 . 0  475 .2  416 .3  
6 5 . 5  3 4 5 . 0  4 7 5 . 2  415 .5  
6 5 . 5  3 4 5 . 0  474 .0  416 .3  
6 5 . 5  3 4 4 . 4  474 .3  416 .3  

6 7 . 1  345 .1  474.4 4 1 6 . 6  

AVERAGE ABSOLUTE VALUE OF DEVIATION: 

0 .57  0 . 0 3  0 . 2 9  0 . 0 4  1 . 3 6  0 . 6 7  0 . 4 1  0 .93  

1 

f req  

6 0 . 3  
6 0 . 2  
60 .3  
6 0 . 4  

5 @ . 3  
6 0 . 2  
6 0 . 3  
6 0 . 3  
6 0 . 2  

m . 4  

1 

60.3  

0 .os 

Number of d a t a  s e t s  for which t h e  dev ia t ion  
exceeds 3X t h e  average deviat ion:  1 

0-57 



FUN NUMBER 58 , 

P1 M f  Tf Mv  Tv 

126 .3 
124.4 
121.4 
123.2 
122.9 
121.7 
120.4 
1 l P .  3 
119.8 
117.7 

126.8 392.7 10.3 393.6 
127.8 392.6 10.8 393.5 
124.8 392.5 10.6 393.5 
1 2 9 . 2  392.6 10.6 393.5 
128.6 392.5 10.3 393.4 
125.8 392.5 10.5 393.4 
155.4 392.5 10.8 333.4 
169.1 392.5 10.7 393.4 
152.5 392.3 10.9 393.4 
161.7 392.3 11.0 393.4 

PVFFFCP VALLE : 

121.6 140.2 392.5 10.7 393.5 

kv? v c l t s  amps T% 

47.5 282.6 481.2 
49.9 285.0 474.6 
50.1 285.0 474.6 
50.1 285.6 474.6 
50.4 286.2 475.5 
50.5 285.0 475.5 
50.4 285.0 474.9 
50 .2  282.6 474.3 
5 4 . 0  2e7.4 475.5 
55.1 288.0 474.5 

339.0 
348.0 
346.5 
348.0 
346.5 
347.3 
346.5 
34S.P 
;u.3 
352.5 

50.8 2 6 5 . 2  475.5 347.0 

AVF FACE F €!SOLUTE VALljE O F  DEVI FT ION : 

2.09 15 .61  0.09 0.15 0.07 1 - 5 0  1.25 1.13 2.25 
Line? 1 C c l a  I( 

freq 

59 .9 
59.7 
59.8 
59.9 
59.F 2 

53 .9  
59.7 : 

59.0 . 
59.4 

59.4 1 

: 

i 
i 
i i 

O o 2 '  i 

59.6 

Nur!?er of e a t a  sets for  which t h e  c ' e v i a t i o n  
e x c e e d s  3X t h e  a v e r a q e  e e v i a t i c n :  1 

0-58 



ORIGINAL PAGE IS 
OF POOR QUALITY 

i ? 1  

137 -7  
133.1 
130.Q 
136 -1 
143.2 
144.4 

135.2 
129.4 
130 - 6  
131.5 
136.1 
140.7 
141.4 
137.7 
130 .6 
120.7 
130.0 
129.7 
130.6 

14; a 

135 .1  

! 

! 4 057 
i Lfnet  10  C c l #  8 
I Line#  1 9  colrt 3 

Line$ 20 C c l 4  2 

PUN WUYREP 59 

M f  Tf 

P . 5  391.0 

8 . 1  391.0 
7 .4  191.0 
8 .0  391.0 
7 .0  391.0 
7.0 391.0 
7.3 391.P 
7.6 391.0 
7.5 391.0 
6.8 391.0 
7.2 391.0 
6.7 191.0 
6.3 391.0 
5.6 391.0 
3.8 391.0 
4 . 1  390.9 
2.7 390.8 
2.4 390.7 
0.0 390.6 

8.1 391.0 

MV T V  

29.6 393.2 
31.3 391.7 
26.9 391.6 
31.2 391.4 
32.4 291.1 
38.9 -. 8 
4 1  19t 
34 390. 
30 .1  339.9 
29.5 389.L 
29.9 389.6 
34.6 .38-;.3 
36.8 389.0 
39.4 388.8 
36.8 388.5 
32.6 388.3 
32.0 388.1 
33.7 387.8 
35.3 387.6 
37.7 387.4 

FVFEFGE VALUE : 

6 . 1  390.9 33.6 389.7 

T% kti v o l t s  amps 

40.1 
40 -8  
41.9 
42.1 
3 4  -7  
33 .6 
32 .r! 
38 -2  
40.6 
41.1 
41.3 
36.3 
34 04 
33.4 
33 04 
38.5 
40.2 
40.8 
40.6 
4@ .1 

294.6 
286 -8 
289.8 
295.2 
294 .6 
292.2 
288.6 
286.2 
282.6 
286.8 
289.2 
288 . 6 
286 . 2 
283.8 
282.0 
282.0 
283 - 2  
286.2 
287.4 
285.6 

477.6 
478.5 
477.6 
477.6 
477 .6 
477.9 
477.6 
478.2 
477 .6 
480.0 
478.5 
477.3 
477.3 
477.3 
478.8 
477.3 
477.3 
477.9 
477.3 
478.5 

355.5 
346 .5 
351.0 
357 . 9 
355.5 
351.0 
349.5 
345 -8 
341.3 
344 03 
348.8 
348.0 
346.5 
343 05 
339.0 
340.5 
341.3 
344.3 
346 .5 
347.3 

38.2 285.7 477.0 347.2 

AVEPFGE ABSOLUTE VALUE O F  DEVIFTION: 

1.80 0.@7 3.13 1.29 2.91 3.18 0.52 3.97 

f tea 

61.7 
59.4 
60.2 
6 1  - 4  
61.7 
61.2 
60.5 
59.2 
59.5 
60.2 
61.2 
61.6 
61.0 
60.4 
59.4 
59.7 
59.8 
60.4 
60 - 9  
61.3 

60.5 

0.72 

Nurrber cf d t - a  sets f c r  which t h e  e e v i a t i o n  
exceeCg 3 t h e  av':tage c ' e v i a t i o n :  3 

0-59 



ORIGINAL PAGE IS 
OF POOR QUALITY 

P 1  

117.7 
1 2 9 . 1  
130.9 
130.9 
130.0 
129.1  
12p .1 
127.2 
126.0  
126.6 

127.6 

2.62 
L i n e 4  1 C c l g  1 

FUE: NWBEF! 6C 

V V  T V  T% kv vcit ,c  arps f req  M f  T f  

3.0  3F6.2 38.8 383.5 42.8 
0 .0  385.8 36.4 383.0 41.7 
1.9 385.6 36 .Q 383.0 40.7 
2.0 385.5 36.4 383.0 39.5 
3.7 385.4 36.4 3F2.8 38 .3  
0 .g  3P5.4 26.3 382.7 37.7 
0.0 385.4 37 .1  382.6 41.3 
4 . 2  285.3 37.6 382.6 41.6 
2.0 3e5.2 37.7 382.5 41.6 
0.0 385.2  3 7 . 1  382.5 41.0 

283.8 
292.2 
292.8 
291.6 
285.8 
2136.2 
287.4 
289.8 
291.0 
290.4 

475.2  343.5 
4 ? Q ; 4  251.e 
479.4 352.5 
479.1 351.e 
475.2 350 .2  
477.3 345.3 
470.2 347.3 
477.4 349.5 
477.6 351.C 
477.6 351.0 

60.2 

61 .1  
61 .0  
60.6 
5s .s  
59.6 
60.3 
6C.7 
60.6 

e n  nS 
u v . 3  

PVFFAGF V 4 L t E :  

1.7  385.5 37 .1  382.5 40.6 289.5 .  473.3 349.4 60.5 ' 

AVFF4CR AESOLUTF VALUE OF DGVIATICN: 

1.35 0 . 2 4  (3.59 0.2' 1.27  2.22 0.61 2 . 3 6  0.41) 

Nuinber o f  datR s e t s  for  which tne d e v i a t i o n  
exceeZs 3X t h e  averaqe c?eviation: 1 I" 

t 

5 
i 
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!~ 
i ’  

P 1  

122.2 
126.3 
.‘27.2 
126.6 
126.0 
126.6 
127.5 
127.8 
126.6 
126.6 

126.4 

r) - 7 7  
t i n e d  1 C o l #  1 

ORIGINAL PAS€ IS 
.OF POOR QUALl7Y 

PUN NUPBEE 6 1  

MV Tv T% kV  vc1:s amps v f Tf 

5 2 . 8  
46 .O 
38 .7 
62.6 
44 .O 
32.5 
25.5 
34.5 
30.9 
39.5 

381.6 
381.9 
382.0 
382. @ 
382.0 
382.0 
382.0 
383.1  
382.1  
382.2  

2 5 . 1  379.9 43.8 287.4 
34.2 379.9 42.0 288.6 
34.0 380.0 41.2 287.4 
34.7 380.0 41.3 287.4 
34.5 379.9 41.6 287.A 
34.2 380.0 42.6 288.U 
33.7 380.0 43.0 290.4 
34.0 380 .0  42.8 291.0 
34.3 380.0 42.1 291.0 
34.7 380.0 41.2 285.6 

FVEPAGE VALUE : 

477.9 
470.9 
4 f 7 . 9  
478.5 
479.1  
J 37 r: 
477.9 
477.6 
477.6 
477.9 

347.3 
348.8 
348.0  
346.5  
347.3 
348.8 
350.2 
352.5 
351.8 
345.8 

40.7 382.0 34.3 380.0 42.2 288.4 478.1  348.7 

AVERAGE AESOLUTE VALUE OF DEVIATION: 

8.52 0 .10  0 .34  0.03 0.70 1.46 0 .43  1 .73  

h‘urbec of d a t a  s e t s  for which the d e v i a t i o n  
e x c e e d s  3X t h e  average d e v i a t i o n :  A 1 

f req 

59.9 
60.2 
60 .O 
59.8 
59.7 
59.9 
60.4 
60.7 
60.7 
60.6 

69.2 ! 
0.33 i: 

I 
I 

i 

0-61 



FUN NUMBER 6 2  

.. 

P1 

132.7 
131.2 
131.5 
131.8 
1’0 .K 
130.3 
130 .? 
132.4 
131.2 
132.1 

1-31.c 

Q .65 
Line4 1 C o l t  3 
Linea 10  C o l ?  7 

M f  Tf 

36.3 382.6 
26,8 382.6 
26 .3  382.6 
31.4 782.6 

2R.1 382.‘: 
34.6 3112.6 
30.9 382.5 
38 .2  382.5 
31.9 282.6 

28.7 3ez.r; 

YV T V  

33.2  380.6 
33 .0  380.6 
32.3 380.6 
32.7 390.6 
32.4 280.5 
32.2 3?0.6 
23.5 380.6 
23.2 380.6 
33 .2  390.6 
32 .2  380.6 

PVtFACl? VALUE : 

3T.3 382.6 32.3 390.6 

T% kW v o l t s  amps freq 

40.4 
40.8 
40 .7 
40.8 
40.8 
40 .Q 
40 .5  
40.2 
40.2 
40.2 

293.4 473.7 357.8 
292.8 472.8 357.0 
292.8 472.5 358.5 
292.9 472.5 35F.5 
293.4 473.4 357.0 

292.2 472.5 35P.5 
292.2 472.8 356.3 
291.5 472.9 356.3 
28P.P 472.2 356.3 

292.8 473.4 357.9 

60 .5 
60.2 
60.3 
59.4 
6ci .d 
60.5 
60.3 
60.3 
6 0 . 1  
59 .9  

40.5 292.4 472.9 357.4 63.3 

PVFP4GF AFSOLVTE VALUE O F  D E V I A T I C N :  

3.16 0 . 0 1  3.43 0.03 0.23 0.74 0.3P 0.93 0 .16  

Ncrber of d a t a  sets fcr w k i c h  t h e  d e v i a t i o n  
e x c e e e s  7~ t h e  a v e r a g e  e e v i a t i o n :  2 

t 

0-62 
k 



P1 

124.0 
137.1 
135.5 
135 .R 
134.9 
13 5.8 
135.5 
136.1 
137.7 
137.7 

136 .O 

9 -87 

FUN NWEEF 63 

M f  T f  MV 

25.6 377.2 
34.2 375.6 
35.2 375.3 
33.3 374.9 
35.6 374.5 
35.4 374.3 
36.5 374.1 
25.7 373.8 
23.Q 373.4 
35.9 373.1 

32.1 
32.1 
30.4 
30.6  
31.2 
32.1 
32 .p  
32 .4  
32 .O 
30.5 

PVFFPCE V.4LUE : 

35.1 374.6 31.6 

AVEFFCE AESOLUTE 

0.81 0.91 0.73 

TV 

280.7 
380.7 
380.3 
380.8 
3uo.5 
380.8 
380.8 
380.7 
380.7 
380.7 

380.8 

40.2 290.4 478.e 
36.9 283.5 477.0 
38.1 284.4 477.6 
38.9 285.0 479.2 
38.9 286.2 47n.5 
38.9 286.8 477.0 
3F.4 286.2 479.1 
37.6 288.6 473.7 
37.0 296.8 473.1 
77.0 235.C 273.7 

750.3 
342.0 
342.E 
344.3 
344.3 
345.8 
345.8 

350.: 
348.0 

,751. e 

38.2 296.7 476.Q 346.5 

VALUE O F  D E V I A T I O S :  

0 . 0 3  0.89 1.46 2.01 2.85 

freq 

60.4 
59.9 
60.0 
6C.2 
60.6 
6O.€ 
60. P 
6 9  .t 
€0.1 
59.7 

60.3 

0.32 

Number of d a t a  sets f o r  which t h e  d e v i a t i o n  
e x c e e d s  3X t h e  average  d e v i a t i c - :  0 

0-63 



?l 

110.3 
110.0 
11O.Q 
111.2 
110.3 
1.10.6 

109 . 4 
107 .R 
107.9 

1n0.7 

109 .9 

0 -07 
Lfne# 1 Colt 3 
Line# 9 Colt 7 

OR\GlNAL SAGE IS 
Of POOR QUALW 

FUN N W B E P  64 

“Jlf T f  WV T V  

S.2 754.4 41.2 377.5 
9.1 354.3 42.3 377.4 
7.6 354.3 42.6 377.? 
7.6 354.2 43.9 377.2 
7.0 354.2 43.6 377.2 
a.1 354.2 42.7 377.1 
7.2 254.1 42.4 377.0 
7.6 352.1 42.1 277.0 
7.7 354.1 41.3 371.0 
0.0 354.1 41.3 377.0 

AVERAGE VALUE : 

7.8 354.2 42.3 377.2 

T% 

51.6 
5c.4 
50 06 
50.6 
50.5 
50.4 
50.5 
50 .4 
53.2 
53.5 

51.2 

k V  vclts 

2P0.9 473.7 
2?1.4 473.7 
2 r ) O . Q  473.7 
281.4 473.1 
2q2.0 473.7 
282.C 474.9 
281.4 476.0 
2e0.2 474.3 
275.6 473.7 
270.4 474.6 

290.5 473.9 

AVERAGE ABSOLUTE VALUE OP D E V I A T I O N :  

amrs 

343.5 

345 .o 
345 .(I 
344.3 

342.R 
341.3 
338.3 
338 .3 

744.3 

343 0 5  

342.6 

freq 

59.5 

59.7 
59.7 
59.7 
59 .7 
59  05 
59.2 - 
5 0 . 2  
59.6 

59.7 p 

0.23 0.07 0.69 0.16 0.Q6 1.26 0.41 2.01 0.15 ‘ 

Number of d a t a  sets for which t h e  d e v i a t i o n  
exceeOs 3X the average  Cev ia t ion:  2 

, 0-64 



P1 

109.7 
107.2 
108.1 
108 . 1 
109.7 
107.8 
107.8 
107.2 
107 .S 
1 0 € . 9  

1 O P . c )  

0 -69  
L i n d  1 C c l t  3 
L j n e t  5 ColP 8 

PUN NWBEP 65 

W f  Tf M V  T v  

7.6 353 .1  42 .1  
8 .2  353.1  43.4 
7.9 353.1  43.2 
8.0 353.1  42.9 
7.9 353.1 42.4 
7 .2  353.@ 41.3 
7.7 353.0  41.7 
7 .0  352.C 42.2 
7.7 353.0 43 .1  
7.6 353.0 43.2 

AVEFPGE VALUE : 

376.7 
376.6 
316 . 5 
376.5 
376.5 
376.5 
376 . 5 
376.5 
376.5 
376.5 

7.7 353 .1  42.5 376.5 

T$ kw vclts emps 

51.6 278.4 480.0 333.8 
52 .2  279.6 479.7 336 .0  
52.0 279.6 490.0 336.C 
51.5 279.0 480.6 33€ .0  
51.3 275.4 480.9 3 3 4 . -  
51.3 277.9 48C.O 3 3 2 . r  
51.4 277.2 480.0 3?'!.$ 
53.0 277.2 479.7 _735.? 
5 3 . 4  275.4 4eC.O 3 3 5 . 1  
5 3 - 8  279.0 480.0 236.F 

52.2 279.5 490.1 <35.1 

PVEPAGE AESOLGTF VALLE OF DEVIATION: 

0.25  0.05 0 .61  0.06 0.73 0 . 6 7  0.26 0.S3 

f req 

59.4 
59.9 
59 .8  

59.6 
59.4 
53.2 
5c .3  
55.5 
59.7 

59.  a 

59 .6  

0 *19 

Number of ?a+-  3 e t s  for w h i c h  the devisticn 
exceeds 39 th, 3veraae deviatiop: 2 

0-65 



P1 

122.7 
122.7 
13 2 - 4  
131.2 
131.2 
131 . 5 
133 -7 
131.5 
132.7 
132.4 

132.2 

0.69 
Line# 1 C c l #  5 
Line# 5 Colt 5 
L i n e #  8 Col# 2 

uf T f  '..: V TV T% ict- vclts arrrs freq 

23.1 290.7 0.0 221.2 
23.0 390.7 c .0  221.1 
22.0 390.7 @.C 221.1 
22.1 290.7 0.0 221.1 
22.6 390.7 9 . @  231.1 
22.7 390.7 0.0 231.1 
23.0 390.7 0.0 221.1 
22.1 390.7 0.0 231.1 
22.7 390.7 0.0 231.1 
22.7 390.7 0.0 231.1 

AVEEFGE VALUE: 

52.5 
52.7 
52.7 
52 - 5  
52 .6 
52.5 
52.4 
52.5 
52 -7 
52.5 

290.4 487.2 345.Q 60.2 
29C.4 4e6.6 345.0 60.2 
28S.P 486.9 345.q 60.2 
289.8 487.8 345.0 60.2 
291.6 487.2 345.8 60.3 
289.8 487.2 345.8 60.2 
291.0 487.2 345.0 60.2 
290.4 48P.1 344.3 60.3 
291.0 486.9 345.8 60.2 
291.6 488.4 345.0 60.3 

22.8 390.7 0.0 231.1 52.6 290.6 487.4 345.3 60.2 

AVEPAGE ABSOLUTE VALUE O F  D F V I A T I O N :  

0.21 0 .G2  0.00 0.01 0.09 0.58  0.45 0.45 0.02 

N u n b e r  of d a t a  sets for  which t h e  e e v i a t i o n  
e x c e e d s  3X t h e  average  d e v i a t i o n :  3 

0-66 



P1 

145.7 
143 .8  
1 4 5 . 7  
145  .7 
144 .4  
t 4 5 . 4  
1 4 6 . 0  
1 4 6 . 6  
147  05 
146 .3  

145 .7  

0 - 7 1  

PUN NUMBER 6 7  

M f  Tf YV  T V  

2 2 . 4  391 
22 .7  391 
2 2 . 6  391 
2 2 . 5  391 
22.6 391 
22.? 391 
2 2 . 3  391 
22 .6  391 
22 .6  3QI 
2 2 . 4  391 

.. 5 0 . 0  2 2 3 . 9  
!. 5 0 . 0  223 .9  .. 4 0 . 0  223 .9  -. 5 0 . 0  223 .9  
.. 5 0 . 0  2 2 3 . 9  
.. 4 0.C 223 .9  .. 4 0.c 227 .0  .. 4 0.C 223."  .. 4 0 . 0  223 .9  
. . 4  0 . c  223 .9  

AVFFFGE VALUE : 

2 2 . 5  331 .4  0.C 223 .2  

T% kR volts amps 

4 4 . 6  292 .2  4 8 5 . 1  
44 .6  291 .6  4 8 4 . 2  
4 4 . 7  288 .0  405 .4  
44 .6  287.4 4 0 4 . 2  
4 4 . 6  288 .6  495 .4  
4 4 . 1  288.C 493 .5  
1 3 . 5  286 .8  4 8 4 . 5  
4 7 . 5  2R7.4 4 8 4 . 2  
4 3 . 5  287 .4  4eL.2  
4 3 . 5  2 8 9 . 0  4 8 4 . 2  

348. (r 
348.0  
342 .0  
343 .5  
,143 . 5 
342 ,P 
3 4 2 . r  
3 4 2 . 0  

343 . e; 
342 . r 

44,l 289 .5  4 0 4 . 6  343 .7  

WEFACE AESOLUTE VALCE OF r :VIATICN: 
0 .13  0 . 0 2  0.90 O . G C  0 .49  1.36 0 . 4 3  1.71 

6 0 . 3  

6 0 . 3  
6 0 . 6  
60 .6  
6C.6 
5 3 . 4  
6 0 . 4  
6 n . t  
60.4 

6 0 , 3  

60 .4  

0 .11  

Nurrber cf c'ata s e t s  fcr which t h e  deviation 
exceeds 3U t h e  average 8eviaticn: c 

0-67 



c 

P’JN NUMBEP B R  

P1 M f Tf Y V  Tv T% kW vcltc arcs frea  

130.0 22.8 387.3 0.0 390.3 52.9 287.4 

129.7 2 2 . 4  387.4 0.0 390.7 53 .1  286.5 
129.7 23.4 287.3 0 .0  390.2 53 .3  2P8.0 
129.4 32.S 3f47.3 0 . 0  390.2  53.7 285.0 
125.4 22.4 287.4 0.0 390 .2  53.6 2RP.O 
12Q.7  22.5 3P7.4 0.0 390.2 53.6 285.0  
130.0 23 .1  387.4 0.0 390.2 53.3 285.0 

130.3 32.8 387.4 0 . 0  390.2 53.6 3 P S . 0  

130.3 22.0 3 ~ 7 . 3  n.0 390.2 52.9 2 ~ 7 . 4  

129 .1  2’1.0 3P7.4 n.n 39n.3 52 .9  2 ~ 3 . Q  

471.0 
471.9 
470.7 
471.0 
471 . 0 
470.7 
476.7 
476.7 
477.0  
476.1 

3 5 3 . 3  60 .0  
357.5 6 0 . 0  
352.5 59 .0  
353.3 6 0 . 0  
35d.O 60.1 i 
752.5 60.0 i 
345.0 6n.i 

344.3 w . 1  
,745.0 60 .21 ,  

264 .3  6 f l . l  f 
I 

i. PVEFPCE VALUE : 

t -  
AVEPnCE ABSOLUTE VALUE OF D E V I A T I O N :  , .  

0 . 4 1  0.27 0.03 0 . 0 0  0 . 0 3  0.30 1 . 3 9  2.60 4.02 n . 0 7 ‘  I 
Number of 8 a t a  mints for which the 8eviction 
exceeCE 2% the averaee c‘eviation: 0 

0-68 



FUN NUNBER 6 9  

e l  M f  Tf MV Tv 

124.7 127 .7  
124 .4  126 .9  
125 .1  1 2 6 . 6  
1 2 6 . 0  1 2 7 . 4  
124 .7  127 .4  
122 .9  1 2 7 . 5  
125.4 1 2 7 . 1  
124 .4  127 .7  
124 .7  126 .9  
124 .1  126 .6  

387 -6  
387.6 
31r7.6 
387.6 
3P7.6 
387 .6  
,787.6 
387 .6 
3e7.c; 
387 .h 

0 . 0  300 .4  
O.@ 390.5  
0 . 0  390 .4  
0 . 0  390 .5  
O . @  390.4  
0.C 390.4  
0.C 390.5 
(1.0 390.5  
0 . 0  390 .5  
0 .0  390 .5  

AFEFP-CE VALUE : 

124 .7  127 .2  287.5 0 .0  39C.f 

TP k F' 

56 .0  284 .4  
55 .6  283.0 

55 .8  283.P 
5 5 . 7  283.2 
55 .9  283 .2  
56 .2  2e4 .1  
56 .3  283.8 
56 .4  283 .8  
5 6 . 2  283 .2  

5 5 . 5  284.4 

55.r  2P3.0 

AVEPACE AESOLLTE VALUE OF DEVIATION: 

0.43 0 . 3 5  0-i:? 0.00 !I.@? 0 . 2 5  0 .36  
Linet 3 Cclf e 

Nuaber of d a t a  s e t s  fcr which t h e  d e v i a t i c n  
exceees 3Y t h e  averaae 2'eviatiop: 1 

vclte err~e frea 

476 - 4  
476.7  
477 .6  
4 7 6 . 1  
4 7 6 . 1  
476 -1 
476 .1 
4 7 6 . 1  
4 7 6 . 1  
476 -1 

245.0  6 0 . 0  
343 .5  6 9 . 0  
343.5 59 .9  
344 .3  5S.E 

343.5 59 .8  
344.3 5 9 . 9  
344.3 60.C 
244 .3  5 C . O  
344.3  5?.0 

3 4 3 . 5  59 .9  

476 .3  3 4 4 . C  5 9 . 9  

'5.34 0 .42  0.c5 

! 

0-69 



APPENDIX P 

UNPROCESSED AND AVERAGED DATA: 1979 

P- 1 





PRECEDING PAGE BUNK NOT FILMED 

RUN NUMBER I;! DATA SET 9 73 STARTING F ILE$  267 
STORED IN F I L E  P 7 0  

188.5 4Se3 407.0 1.6 393.1 35.7 Si7,S 487,7 595.9 61.1 214.1 l2.6 

Mum ABSOLUIE VALUE OF DLVIATIOII: 

2.46 1.72 1.19 1.11 129 1.85 1.38 0.60 0.61 1.K 1.1 1.4 

Number ef data sets fer which the dtriotioa 
exceeds 3X the avcraae deviation: 1 

P-3 



RUN NUMBER 12 DATA SET # 74 STARTING FILE# 273 
STORED I N  FILE # 72 

115,S 45.7 46.5 0.0 m.8 %.6 SI3.8 485.1 592.9 U.1 2W.0 9.2 
iI1.7 45.7 U . 4  0.1 387.8 100.1 96.1 480.8 99,l 59,7 214.1 15.2 
li2.4 46.6 4M.5 0.4 m.6 99.9 511.2 484.1 91.4 3 . 9  214,1 15.9 
112.7 45.0 416.4 1.1 3B,8  99.8 510.2 483.5 91.4 60.1 2M.l 10.1 
iS- i  41.7 416,S 1,1 387.6 9Sa7 510.8 484,4 591.4 61.1 214,1 14,s 

AvnAg WE: 

113,s 44.9 406.5 0.0 387,5 98.4 510.2 483.6 591.2 59.9 214.1 13.1 

AvEIIA# AMll.lllE WE OF EUIATIM: 

1.46 1.28 0.16 0,1B 0.59 1.80 1.68 1.13 1.84 1.18 1.1 2.6 

lirmkr of data sets for ihich the deviation 
exceeds 3X the arerapr deviation: 0 

P -4 



RUN NUMBER i 2  DATA SET # 75 STARTING F I L E I  279 
STORED IN FILE # 74 

i86.9 9.9 3w04 1S.8 411.2 29.i 504.8 400.5 96.9  M,O 203.0 10.3 
1 6 7  9,9 3941 15.8 411.2 29.1 504.8 402.9 W06 61.1 203.1 11.1 
184.7 9,8 394.1 6 . 7  411.1 29.9 S03.6 480d 5W.b bO.2 213.8 i f . 7  
185.7 11.1 393.9 16.8 411.2 29.3 505.4 481.7 588.4 61.2 203.1 13,9 
185.6 1O.D 393.9 15.6 411.1 28.6 5DS.4 481.8 587d 61.1 212.5 11.7 

185.7 9.9 394.1 15,8 41i.2 29,2 514.8 48i.4 587.6 61.1 212.9 11.7 

Nuder tf data sets fer uhicb the deriotitn 
exceeds 3X the oreraqe deviation: 0 

P-5 



RUN NUMBER 12 DATA SET 1) 76 STARTING FILE# 4 
STORED I N  FILE 9 75 

115.3 13.5 393.2 11.3 4U.9 99.9 4 8 5 0 6  41514 Snob 60.1 213.1 12.3 
114e3 13.4 393.2 3.3 411.8 111o1 482.1 474e8 $70.4 S9a9 213.1 12.3 
11401 13.6 393.2 1085 W o 9  111.1 4 8 4 0 6  476.9 Sn.6 6 1 0 1  203.1 12.1 
114.9 i3.4 3932 11.4 412.1 111.2 4 8 4 4  473.9 512.6 M.1 213,o 12.1 
16.2 13.3 393.2 11.4 dl.? 111.0 485.6 476.1 94.1 61.2 213.1 12.2 

114.7 i3.4 393 ..I 41i.9 i11.1 484,6 475.4 9 2 . 5  61.1 263.1 52.2 

lwERllQ 4BSlll.m WE OF DFJIIATIOn: 

C.48 1.11 1.11 1.16 0.16 1.19 1.1s 1.84 0.84 1,06 1,1 1.1 

Nrrrkr rf doto stts for which the deviatim 
exceeds 3X the ortrope dcviotirnt 0 

F-6 



RUN NUMBER 12 DATA SET t 77 STARTING FILE? 1 0  
STORED IN FILE 9 77 

PI nt(nr1 tf b(sr1 TI I2 kY volts uqs freq 12 P2 

189.3 169.9 3S ,5  * K9.6 274 516.0 489.2 EBI.9 M.0 203,O 13.6 
191.0 171,O S . 4  28.1 409.7 26.0 519.1 489.2 585.4 61.2 m.1 I1.6 
183.8 I69.S S . 3  27,4 4PQ.9 W.9 586.1 486 8 S@,4 68.2 2e.S 13.4 
189,0 168.7 S,? 27,8 417A 26h S17,8 488.1 SBP 5 68.2 212.5 12.9 
189.8 171.4 3848 2Q.3 W . 4  26.7 9 9 , 6  487,7 583.9 61.1 212,s 10.9 

AVERM V#UE: 

189.0 169.3 3852 27,9 409h 27.0 517,7 488.2 583.4 61,2 212.7 12.3 

1.49 0,71 0.21 1.23 1.89 1.71 i.34 0.82 1.44 1, I , ?  1.2 

Number o f  data Bats for which the deviatI8!! 
exceedc 3X the overage deoiotiw: 0 

P-7 



RUN NUMBER I 2  DATA SET # 79 STARTING FILE# 20  
STORED I N  FILE 9 78 

P l  IWnvr) Tf Ilr(rv) l v  TZ Itu volts w)s frcq l2 P2 

lU.1 181.7 383.0 27.2 4W.9 111.1 49l.1 479,9 574.9 60.1 2)J.t 13.0 
113.1 179.7 32.9 27.4 489.9 lBI.1 489-8 478.1 574.9 64.0 2W.1 13.8 
LU.7 l l . 3  382.7 27.3 W . 7  111.1 489.8 477,s 574.9 M.1 212.5 11.1 
113.4 182.2 382.6 27.2 489.9 111.5 495.8 481.5 m.1 68.2 2l2.5 11.8 
113.7 192.1 382.5 27.2 411.1 101.1 49S.8 4 1 , 4  9 7 . 5  61.1 282.5 11.9 

MRm WE: 

513.6 l8i.O 382.7 27.3 419.9 111.1 492.4 499.5 535.8 61.1 262.7 12.3 

Number @f data set$ for ubich the deviation 
ercctds 3x the orcraw deviation: 1 
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RUN NUMBER 13 DATA SET # 80 STARTING FILE# 25 
STORED IN FILE t 79 

P i  HfH(nv) ff Ih(sv1 Tv TZ kM volts ws frtq l2 P2 

164.6 147.2 37S.6 Y.1 389.9 71.1 752.6 49.5 915.9 61.2 203.0 12.8 
161.5 144.2 375.5 51.8 389.0 71.6 79.8  461.3 915.9 60.3 213.5 12.6 
161.8 146.3 37S.S 51.6 389.1 71.9 E1.4 49.5 915.9 Y.2 213.0 i3 .1  
M , 2  14.3 37S.b 48.9 388.9 7 2 . 6  7S3.2 459.5 915.9 61.2 213.8 12.5 
163.7 148.1 375.6 49.4 389.6 71.4 7S1.4 6 8 . 6  914.4 68.2 202.5 i2.5 

MER&€ WE: 

162.6 116.4 3 5 . 5  49.I 389.1 71.6 751.9 69,7 'JlS.6 61.2 283.1 12.7 

IWEIIe ABSDLUTE VALUE OF DNIATION: 

1.26 0 . 9 7  8.14 i.36 1.05 8.29 8.82 0.65 1,48 0.02 0 .2  5.2 

Nsrrber of data stts for Arch the deviation 
exceeds 3X the avcraac deviation: 0 



RUN NUhRER 13 DATA SET # 81 STARTING FILE$ 31 
STORED I N  FILE t 81 

P l  IIc(clr) Tf hhv) Tv l2 &M volts a ~ s  heq T2 P2 

148.5 164.9 3 E . 4  9 . 7  338.1 i11.1 782.6 165.7 931.6 64.1 263.1 12.7 
149.4 1bs.8 375.5 52.1 388.1 1M.O 784.4 467.9 934.6 69.3 293,s 12.8 
140.5 1M.S 375.7 53,7 388.1 111.1 785.8 169.1 932.4 59.9 283.1 12.8 
149.4 W . 2  37S.9 53.2 388.1 111.1 785.6 467.9 934.6 61.2 2 K . 5  13.1 
151.3 164.1 375.9 51.2 388.1 111.1 783.8 467.9 932.4 9 . 9  213.0 12.8 

#ERA& Ib#Llt: 

149.4 165,s 315.7 53.9 308.1 111.1 784.3 467.9 933,l 61.1 203.2 12.8 

k \ l ~ ~ ~ g  ~BSUWTE ME OF mImow: 
0.74 1.18 1.20 2.29 1.02 1.11 1.86 1.48 1,20 0.13 0.2 0.1 

Mrder ef data sets for J i c h  the dewlotian 
exceeds 3X the areraae deriatien: 1 



RUN NUHBLR 13 DCITA SET ? K? STARTING FILE# 37 
ST3RED IN ;'It-€ t 83 

i U , 9  43.2 393.4 74.i 4W.4 110.1 795.2 d - 1  9 3 . 9  QI.1 212.1 8.7 
144.2 43.5 393.1 74.4 413.4 1eo.i m.8 474.8 m.i 9 - 9  212.1 i b , ~  
144.5 44.2 392.8 74.1 4W.3 161.1 794.1 474.2 936.9 6l.i 202,I 19.3 
144,s 43.5 392.5 73.7 442.4 i11.0 797.6 475.7 m.4 64.2 212.1 11.4 
143,P 44.6 392.3 74.2 413.4 110.0 795.8 4 Y  f 937.6 61.0 282.5 i i . 9  

144.2 43.7 392.8 74.i 413.4 181.l 795.1 475.2 PJ7.2 b4.Q 2lZ.i 13,3 

8.25 1.33 0.34 0.17 6.62 6.b3 1.34 6 .55  9.66 0.18 0.2 3.6 

Nwbtr of data sets fer h i c h  the deriat i tn 
exceeds 3X the average deviation: I 

F-11 



RUN NUMBER 13 DATA SET # 83 STARTING FILE# 42 
! ;Oa.E3 IN FILE # 84 

P i  IWav) Tf I h h r l  l v  TZ kU volts amps freq l2 P2 

143.9 6 . 1  391.6 74.2 413.4 79.9 
144 5 44.6 391.5 74.3 483.4 111.1 
143.9 44.7 391.5 73.9 Q3.J l c  .b 
143.9 44.6 391.4 74.1 403.3 101.0 
144.2 44,7 391.4 73.8 413.3 101.1 
144,'; 4<.0 391.4 75.0 M3.3 101.6 
lU.? 44.; 39i,3 73.7 443.3 111.0 
144.2 44.6 391.2 73.6 413.4 111.1 
144.8 45.1 391.2 74.8 413.4 l10.1 
145.1 45.5 T1.2 73.5 413,4 101.1 

794.6 
793.4 
ma2 
792.8 
791.6 
792.8 
794.1 
799.4 
811.2 
7 9 7 , O  

473.9 9s*4 60.1 2 

47S.1 937.6 60.0 2 
474.2 936.1 60.0 2 
476.3 933.9 S9.9 2 
476.0 936.9 61.0 2 
474,? 937,6 61.1 2 
463.1 945.2 61.2 2 
475.7 941.4 61.2 2 
473.3 939,9 68.8 2 

475.7 ~36.1 9 . 8  2 
!I 
11 
!I 
!I 
!O 
!I 
!I 
!I 
!I 
!I 

12.1 18.9 
l2.0 i0.l 
12.1 9.6 
12.1 15.1 
12.5 16.9 
12.5 9.6 
12.5 l1.6 
12.5 13.1 
12.5 18.4 
12.5 16,6 

144.3 44.b 391.4 74.0 413,3 118.0 795.2 473.8 939,) 61.0 202.3 14.0 

1-35 1.31 b,10 1,33 0,83 0.12 2.40 2.22 2.48 B.09 0.2 3,2 
Line# 1 C o l #  6 
Line# 2 Co1# 6 
Line# 8 to11 8 

N d e r  of data sets for uhich thc deviation 
exceeds 3X the averwe deviation: 3 

P - 1 2  



RUN NUMBER 13 DATA SET t 84 STARTING FILE# 53 
STORED IN F I L E  # 35 

Pi Nfo(~) Tf Hv(m) 1 9  TZ LY volts prros freq 12 P2 

173.4 181.1 3?9,3 bs.3 484.3 10.1 11 

178.2 18i.8 399.3 65.2 404.4 1M,2 16 
178.5 178.3 399,4 65.0 404.4 101.1 11 
178.2 i74.1 399.3 65.4 414.4 110,O 16 
177.9 174.3 399.3 6b.8 414.4 101.b 11 
186.1 i 7 h S  399.3 U.1 414.3 188.0 16 
181.4 115.7 3W,3 64.5 414,4 141.0 9 
181.0 171,s 399.3 68.5 414.4 160,B 9 

i81.0 181.7 399,3 64.2 414.4 1ue.i 9 

179.7 i9s.1 399.4 65.0 414.3 180.2 is 

II 
9 
I 
0 
I 
'0 
1 
9 
'9 
II 

H.6 477.5 1179.5 
'9.2 135.1 1178.0 
6.8 478.1 1179.5 
14.1 4754  1178.7 
14,6 475.1 1178.7 
l1,4 476.9 1178.1 
11.6 475.4 1178.1 
Q.6 474.5 1176,S 
9.6 475.1 1178.7 
11.8 476.8 1179.5 

0,O 263.0 11.4 
61.i 213.1 11.1 
60.1 203.0 17.7 
61.1 213.0 11.8 

61.1 213.11 14.0 
61.1 203.6 14.2 
61.2 213.5 10.4 
68.2 213.8 13.3 
68,l 282.5 ii.8 

60.2 203.0 14.0 

173.3 177.0 399.3 6S.9 414,3 Ibl.1 1861.8 4E,9 1178.5 60.1 263.0 12.9 

mAGI ABSOLUTE VALE m DEVIATION: 
1.91 2.82 0.62 1.23 b,O3 1.87 2.33 0 . 9 7  0 .72  6.114 b , i  1,8 

Line# 1 C O N  16 

Nucrber of data sets for uhich the deviation 
exceeds 3X the averwe deviation: i 

P-1 ? 



APPENDIX Q 

UNPROCESSED AND AVERAGED DATA: 1980 

Q- 1 





PRECEDING PAGE ELAXK N3T FlLMED 

RUN NUMBER 0 DATA SET # 34 STARTING FILE$ 53 
STORED IN F I L E  # 14 

111.8 2,8 327.3 8.5 8 . 9  73.6 384.3 488.8 U 2 , 1  61.3 213.8 1S.O 

W,9 2,7 328,s 8.0 1.0 72.6 '33.7 489.2 442.9 60.3 213.8 14.9 
104.6 2.8 328.8 8.7 6 . E  69.5 553 7 488.1 441.4 60.2 213.3 15.0 
W . l  2.8 329.2 7.7 8.1 69.5 323.: 489.4 442.9 60.3 213d 14.9 

111.2 2.7 329.4 7.5 0.1 67.2 'd.. 468.3 44i,4 60.1 213,3 14.9 
W,7  2.7 329.4 7.3 tab 7t.S 303.3 187.4 441.4 68.2 213-3 14.9 

162.1 2.8 329.4 8.2 0 . 0  71.3 383.1 480.6 448.6 60.2 213.3 15.0 

99.1 2,8 328.9 7.4 1 . 0  78.5 383.7 490.3 441.4 6 0 , i  213.3 14.9 

100.9 2,6 328.1 8.5 0.11 n,7 383.7 487.7 442.1 60.2 213.3 15.0 

111.2 2.8 329.2 9.3 8 . 8  76.3 383.7 m.4 442.1 611.1 213.3 ~ S , B  

100.9 2.8 328-8 8.1 1,B 72.2 383,7 488.6 441,8 60,2 2i3,4 iS.0 

1.29 !.OS O , S 3  0,41 6.08 2,67 0,22 4 . 7 9  0.60 0,OR 0.2 0 , 6  
Line# 1 Col# 7 

Nonber of data sets fon which the deuiatien 
exceeds 3X the overage deoiat ion:  1 



RUN NUMBER 0 DATA SET # 36 STARTING F I L E #  6 4  
STORED I N  FILE t i 6  

141.1 
145. I 
141.3 
143,4 
143,8 
144,1 
142,2 
144.7 
141.6 
i39.1 

2.6 3Q.9 S,3 1.8 26.2 262.1 471,2 316.1 M,O 213.3 14.8 
2,s 3S3.7 5 , s  0.0 25.? 261.5 471.2 316.9 60.1 212.8 14,9 
2.5 354.1 5.4 8.0 25.6 262.7 471,8 316,9 b Q . 0  213,3 14.9 
2.6 354,3 6.8 1.0 25,4 261,5 473.3 316-9 61,2 213.3 14.9 
2.7 354.5 5.6 8,O 2 7 , b  262.7 471,8 317,b 68.3 212,0 14.8 
2.7 354.6 6.0 1.1 23,7 262.7 471.5 317.6 60,l 213.3 14.9 
2.7 39.7 4.0 8.8 27,2 261.S 473.6 316.1 60.8 212.8 14.8 
2.6 354.6 5,2 0 . 0  26,6 261,9 478.3 316.1 60.1 2i3,3 14.7 
2,s 354.7 4.4 0.0 27,s 268.9 471.0 315.4 59.8 212.8 14.7 
2,b 354.7 5.1 B.8 25.0 262.7 471.5 316,9 68.8 213,3 14.: 

142,s 2.6 39,3 5.3 1.8 26.1 261.9 471,0 316.7 60-1 213.1 14.8 

AVERAa ABSOLUTE VALE OF DEVIATION: 

Murder of data sets for which the deviatim 
exceeds 3X the oreraoe deviation: 1 

Q-4 



158.8 
140.7 
141.3 
139.1 
149. 1 
139.7 
139.4 
141.; 
141,3 
1&,7 

2,9 354.9 12,) 
2.9 354,4 10.4 
2,7 3 9 , 3  11.7 
2.7 354.2 i1 ,8  
2,B 353.9 11.4 
2.9 353.8 10.6 
2.9 3!3,7 1i.S 
2,9 353.8 11.4 
2.9 353.7 10.5 
2,8 353.6 12,O 

MERAGE VALUE: 

139,8 2.8 354,O 11*2 

0 DATA SET # 33 STARTING F I L E #  76 
STORED IN F I L E  # 20 

To Tx kY Pelts mgs freq 72 P2 

8 . 3  50,8 510,7 473.9 612.4 59.8 213.8 1S,2 
5.1 47,6 513.7 472.4 616.9 59.9 213.8 15.0 

46.6 513.7 474.8 613.9 68,O 213,B 15 4 
8,O 48,s 513.7 472.4 613,9 59.9 213,8 iS.0 
0.1 49,9 513.1 474,B 613.9 59.8 213,B 15.1 
o . e  47,7 513.7 472.4 614.6 59.9 213~1  is.! 
1.1 48.7 513.7 473,0 614,6 59.9 2i? 8 15.2 
0,O 49.2 51i.P 474.2 613.9 59.9 213.8 15.2 
0 . 0  49.1 512.5 472.4 613.J 59,9 213.8 15.1 
0 . 8  50,8 513.1 474,8 613.9 59,9 213.8 15,2 

I , O  4B,9 513.0 473.5 614,2 59,9 ?13,8 15,1 

AVERAGE ABSOLUTE UllLUE OF WIATIOW: 

1,08 8.05 0.33 0.57 0 , B O  1,07 0 .77  0 , 9 9  0,72 0 . 0 4  0 . 0  0, i  
Line) 2 C d #  9 

Nenber of data sets fer rrhith the ieuiotion 
exceeds 3X ?he averaue derlatiblr. 1 

Q - 5  



Pi 

177.4 
179.8 
180.8 
i82.3 
177,7 
183.2 
179#2 
182*3 
180.5 
178.8 

RUN NUMBER 

2,7 373.7 11.7 
3,O 373,7 9,6 
2,9 373,7 10,7 
2.8 373,7 10.2 
2.8 373.8 11.4 
2.8 373,7 12,2 
2.8 373,6 12.0 
2,7 373.7 12.1 
2,6 373.6 11,1 
2.7 373,s 11,S 

ma VALUE: 

180.1 2.8 373.7 11.0 

0 DATA SET t 42  STARTING F ILE$  88 
STORED I N  FILE # 23 

0 , l  30.1 i-i.9 472.4 6S.1 59,9 213,8 15,1 
0,O 32,1 513.7 474,8 613.9 60,l 213.3 15.0 
0 . 0  32*3 511,O 471,8 6i3.? 60.2 213,8 15.1 
1.0 31.1 513.1 473.0 615.4 60,2 213.8 15.i 
Q.! 29.5 515,S 473.3 616.1 60.3 213,8 15.1 
1.0 32,O 514.3 474.5 615.4 69.3 213,8 15,3 
0.0 3246 513.7 474,8 614.6 60.1 213*8 15.3 
0.1 32.4 511.9 472.7 b15,4 60,3 213,8 15.2 
0.1 39,2 513.1 473.0 615.4 60.2 213,8 15.3 
1,O 31,O 515.5 472.3 615.4 60.2 213.8 15.1 

1,O 31.3 513,s 473.3 614,8 60.2 213.7 15.2 

Number of data sets fer which the deviation 
exceeds 3X the averaae deviation: 1 



RUN NUMBER 0 DATA SET # 73 STARTING FILE# 7 
STORED I N  FILE $ 4 

14,8  2.7 354,1 17.4 1.1 b8,9 b49,1 494.8 744.4 61.0 214,3 1'5.4 
145,b 2,7 354,s 17,4 8,O 67.4 651,3 494.0 745,9 60.4 114.3 15,2 
148.3 2.7 W,9 17,b 1.1 68.8 M9,7 495.4 744.4 61.1 214,3 iS,4 
143,i 2.7 35.1 17,s 1.8 66.2 647.9 495,4 142,9 60,i 214.8 1S.2 
142,s 2.7 555,2 17,3 1,O 68.0 648.5 495.7 742,V 60,2 214,0 15.4 

1.18 1.01 0 , 3 6  0,17 0,81 1,OI 0.72 0 . 3 4  b,96 8,11 8.2 0-1 

Hrrrber of data sets for uhich t4e d e o '  tiin 
exceeds 3X the average deviation: 0 

0-7 



RUN! NUMBER 0 DATA SET t 78 STARTINL, F I L E +  16 
STORED IN FILE P 9 

175,s 2 # 8  371.7 27,s 0 . 4  71.9 858,2 496.3 936.3 b 0 , i  21S,8 1S,9 
173,3 2#9 371.3 28,s 0 , l  72.1 857,6 493.6 988.8 bB.8 215.8 16,O 
172.4 2 ,9  371,I 27,i 0 . 0  69,2 856.4 496.0 988,8 5'J09 215,8 iS,9 
173,O 2,8 370.8 28.3 8.1 71.3 856.4 493.3 988.8 b 0 , i  215.8 lial 
174,Z 2 ,8  371.6 28,5 0,O 73,s 855,8 496.0 988.1 bO,1 215.8 i6, i  
175.8 2#8 370.6 27,6 0.1 67,9 857.6 496.3 988,8 60,l 215.8 15.8 
177.8 2 ,8  s10.8 28.0 1.0 67.3 856.4 494.2 989,b  b l . 2  215,8 1 6 , l  
17b,7 2.8 Ri,1 2 8 , O  0 .0  66.1 857.6 494.2 988.8 60.1 215,8 lb,O 
1%,2 2.8 0 1 , 4  26,9 1,O tS ,2  857,O 493,9 989,6 60.0 215.8 15.9 
177.3 2.8 3 X . 6  2 7 , B  0,D 6b. i  856.4 494,s 988,8 68,2 215,8 i6,O 

17S.3 2,8 371.1 27,8 6,8 69,O 8%,9 494,9 989,1 6 0 , l  215.8 i6,O 

AVERAGE PBSOLUlE VALUE OF DEVIATION: 

1.69 0,03 8,33 1,43 8.00 2.44 O,b6 1,06 0.46 0,17 ' l . 0  0,l 

Number of data sets  for which the deviation 
exceeds 3X the averape deviation: I 

0-8 



R'JN NUMBER 0 DPTA SET # 8 4  STARTING F I L E #  37 
S:JRED IN F I L E  t PS 

9b83 2 . 1  326,O 8.3 0.0 ?4.1  219,O 487,7 8 4 . 6  68.2 239,b 25.2 
93,8 2.1 325.5 7 - 4  e . 0  76.t 219,b 486,s 253.9 61.2 2333, 24.7 
95.6 2 , l  325.5 8,4 1.1 76,9 219,1 MI.? 253.9 58.5 239,b 15.1 
96.2 2 .1  325,5 8.2 0 ' 0  72,s  219.n 9&,5 253,9 bO,b 233,b 21,6 
94.7 2.'. 325.4 8.6 1.0 61.7 219,h Xi7,4 5 4 , 6  bi .7 ?3;,6 23,B 
96.8 2.1 325,4 7,8 0 . 8  67,s 219.6 485,6 253.1 J , S  219,6 24,Q 

ib1.2 2 ,1  325.9 8,7 1.0 67,8 219.0 486.6 253,l 6Q,4 239.8 24,8 
95,J 2,1 XQ,b 8,s 0 S b 8 , O  219.6 485.6 K 3 , 9  61.6 239,b 8 , 3  

182.1 2.1 327,3 8.4 0.F 68.1 219.6 486,s 254.6 51.8 240.1 25.8 
99.3 2 ,1  327,7 3.2 0 . 8  66.4 2i9.0 486.8 253,9 60.6 248,l 24#7  

97 5 2,1 326.1 8,2 0.1 70,6 2!9,2 486.7 2 f 4 . 0  60,s 239,6 24.8 

h d Z F  of oata cets for &!ch the deviation 
exceeds S the awraqe derriotirn: 0 
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RUN NUMBER C DATA E€T $ 87 STARTING FILE#  49 
STORED IN F I L E  # 18 

01 M h v )  T i  hhv) Tv TZ kM Yolts anps freq 72 P2 

147.1 2.3 353,7 16.9 1.1 57.: A.3 494.5 W,b M.4 254.6 30.6 
144.1 2.3 355.3 17.6 8.1 6l.R s83.1 492.7 439.1 61.1 254.1 31.6 
138.5 2,3 355.2 ib,3 1.1 64.7 383.1 495.7 439.1 9 . 8  254.6 31.7 
132.1 2.2 354.3 16,9 0,1 69.2 304,3 493.6 439.9 59.7 254.1 31.9 
132.3 2.3 353.1 16.6 1.1 76.6 383.7 495.7 441.6 59.7 253.6 32.3 
135.1 2.3 aS2.1 19.1 1.1 88.1 384.3 493.6 W.6 9 . 9  29.1 32.7 
137.6 2.3 351.5 17.6 1.1 74.8 383.i WL.7 439.1 61.2 2 u . 6  33.4 
139.7 2.3 351.6 18.2 1.1 bb83 383.7 492.7 439.9 611.3 2S4.6 31.3 
14a.6 2.3 352.2 18.1 11.C 63, i  383.1 995.7 439,9 60.3 255,l 31,9 
145.6 2.2 353,2 17.4 0.1 58.8 384.9 493.9 442.1 61.6 254.6 32,i 

139,2 2.: 553.2 17.5 0 . 0  67.1 494,i 441.1 60.1 ~ 3 . 4  31.8 

4.16 0.03 1,12 1.63 1.11 6.42 1.55 1.06 8 . 7 2  1.27 8.3 1,8 

Nvnber IC i o t a  sets far uhich the beriotion 
exceeds 3x the averope deviation: 1 

0-1 0 



RUN NUMBER 0 DATA SET t 90 STAR'TZNG FILEI 6i 
STORED I N  F I L E  t 2i 

P I  Hf(nv) 11 Hr(rr) Tv TZ kM volts arps freq 12 P2 

177,t 2.7 372.2 28.1 C.1 64.8 471.8 M.6 551.6 61.1 267.2 41.9 
171.4 2.7 371.5 25.5 1.1 62.1 47g.1 483.8 551.6 59.9 36.7 38,9 
175.1 2.7 371.4 27.4 1.1 62.9 471.6 484.1 551.6 61.1 266.7 39.9 
171.7 2.7 371.t 25.4 1.1 61.6 471.8 485.6 553.1 61.2 266.7 39.0 
174.2 2.7 371.1 26.9 1.1 62 .0  471.2 484.4 552.4 61.2 266.7 39.6 
174.5 2.7 371.2 26.1 1.1 61-6 471.8 484.1 S53,i 61.3 266.7 39.2 
178.2 2.7 371.3 28.5 1.0 59.9 471.8 445.3 555.1 61.2 265.7 41.1 
177.1 2.7 371.5 26.4 1.1 6t.l 473.6 484.1 553.1 61.2 266,7 39.6 
176.1 2.7 371.0 27.9 1.1 60.5 471.1 483.2 5 5 2 . 4  61.0 ?b6,7 39.5 
177.3 2.7 371.9 5.3 1.1 61.4 471.6 483.8 552.4 61.1 266.7 39.2 

1?'5,3 2.7 371.5 26.7 1.1 61.6 471.3 404.4 552.4 6Q.i 266.7 39.6 

1.85 1.11 1.29 i .11 0,11 1.11 1.84 4 . 6 6  1.54 1.11 9$i  0.4 

Nmrrber of data sets for l h i t h  the dtrlatlon 
exceeds 3X the a w o a c  deriaticn: 1 



RUN NUMBER 0 D A T A  SET t 92 STARTING F I L E #  72  
STORED IN F I L E  # 23 

14.9 i.9 24.i 1.i 0 . 0  -1.1 -1.9 - 8 - 4  -1.1 5 5 . 0  31.4 14.6 
15.5 1.9 224.1 0.0 6.1 -1.3 -0.9 -1.4 -1.i 5 5 . 8  211.4 i4.S 
14.9 1.9 224.1 0.i 0.0 -0.8 -1.9 -0.4 -1.i 55.0 ?18,9 14.6 

15.2 1.9 224.i 0,i 0.1 -1.8 -0.9 -8.4 -1.i S5,O 218.9 i4.5 
is.? 1.9 224.1 1.i 0.1 -e. i  -0.9 -1.4 - i . i  SUI 2io.9 14.5 

AKIIa VALUE: 

iS.1 1.9 224bi 8 , i  0.1 -4.i -8.9 -8 .4 - i . i  5 5 . 8  2ii . i  i4.5 

Nwcrbtr of data s e t s  f t r  which :he dtrratian 
exceeds 3X the average deviation: 8 
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RUN NUMBER 0 DATA SET P 94 STARTING FILE# 78 
STORED I N  F I L E  $ 25 

3 . 2  0,1 248.0 0.2 0 . 1  97.1 -0.9 
31.6 1.1 2 9 . 8  1.2 1.1 97.1 -0.9 
32.5 0.0 2V.S 1.1 Q.1 97.1 -0.9 

AVERAGE RBsoLUlE WE ff DEUIATIOII: 

1.71 8.11 1.63 0.04 0.00 %.e6  0.00 

volts anps freq 12 P2 

2.3 -1-1 ' 3 . 0  212.9 14,8 
3 , s  4 . 1  55.n 212.7 14.9 
4.4 -1.i 55.8 212.9 14.9 

3.4 -1.1 SS,6 212,9 14.9 

1.73 ll.ll0 0.01 0 . 0  0 . 0  

Nmnoer of data s t t s  f u r  uhict! the derriaticn 
exceeds 3X the aweraw deviation: 0 



RUN NUMBER 0 DATA SET # 5’6 STARTING F ILE#  02 
STORED LN F I L E  $ 27 

94.8 2,2 327,o 11.4 8.1 7?,9 211.8 4 6 , 3  T 1 . 6  60.2 240.1 24.0 
94.5 2.2 326,2 11.7 0 . 0  88.1 211.8 485,O 8 1 . 6  61.3 240.1 24.7 
97.6 2.2  326.1 11.8 1-1 70.5 211.2 483.2 2 V . 4  61.6 240.6 2S.l 
98.5 2.5 326.3 11.4 0 . 0  73.9 211.2 483,Z 251.6 60.S 240.6 24.4 

111.0 2.3 326.7 11.0 1.0 71.7 211.2 483,2 252.4 60.6 248#6 8 . 0  
99.i 2.3 327.4 11,4 1.1 69.2 211.8 a . 9  2 9 . 9  60,4 241.1 24.7 

102.8 2.3 328.1 11.6 0,O 69.6 211.8 483.8 252.4 61.4 240.1 24.7 
99.4 2.2 320.4 11.1 1.1 71.1 211.2 485.0 2Q84 60 ,S  248,6 24.7 

102.2 2.2 328.7 l i .8 1.1 78.0 211.8 484.1 251.6 61.5 248.1  24.3 
11i.l 2.2 329.1 11.8 8 . 8  69.6 211.2 483,s 251.6 61.4 248.1 24.8 

W , 1  2 ,2  3T104 11,s 0 , I  7?,1 211.5 483,9 8 1 . 9  61,4  240.3 29.7 

Nmlrber of data sets for h i c h  the deviation 
exceeds 3X the awraae deviairon: 8 
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RUN NUMBER 0 DATA SET Z 99 STARTING F I L E #  94 
STORED IN F I L E  t 3 0  

142.9 
143.5 
lit .  4 
142.9 
141.4 
iU.7 
142,9 
143.5 
142.6 
144.7 

2,7 355.1 18.6 1.1 61.8 2B7.3 5 
2.7 555.2 18.8 8.1 58.3 287.9 5 
2.6 555.3 18.1 1.0 58.9 287.3 5 
2,b 555.4 19,9 1.1 59.6  &W.3 5 
2.7 555,4 18.6 1.11 59.8 288.5 5 
2.7 355.4 19.1 1,I  61.5 ,W.3 5 
2.7 3 5 5 ' 4  19.2 I.l 61.9 287.9 5 
' 4 7  355.4 17.5 1.1 57,3 267.3 5 
2,7 355.4 18.4 8.1 58.3 ,W,9 5 
2,7 355.4 18.8 1.1 61.2 287,9 5 

lS.1 323.6 6 4 . 4  
12.3 323.6 61.3 
14.4 322.9 6 8 . 3  
12.8 522.1 6 0 . 2  
15.0 324.4 61.4 
12.1 323.6 61.4 
12.6 324.4 61.5 
11.7 322.9 64.3 
14.7 325.1 61.4 
11.4 323.6 61.5 

m.1 31,8 
5 4 . 6  31.6 
254.6 32.1 
254.6 31.4 
5 4 . 6  32.5 
254.6 32.7 
3 4 . 6  31.6 
254.6 32.1 

6 4 . 6  31.4 
L q . 6  31.3 

AVER= ABSOLUTE VALUE M WIATIOW: 

Nuder  of data sets for uhich the deviation 
exceeds 3X the areraoc deviation: i 

Q - 1 5  



RUN NUMBER 0 DATA SET $ 102 STARTING FILE$ 106 
STORED IN F I L E  t. 33 

P l  M(rrv) T I  ftv:rrr) Tr TZ kU wlts anps freq T2 PE 

184.8 2.9 372.6 28.7 0.8  57,l 399.3 473.1 481.9 64.3 267.2 39.9 

176.5 2.9 372.6 31.5 1.1 58.4 399.3 475,4 482.6 61.3 267.2 4a.8 
177.7 2.8 372.5 3.6 8.1 58.5 3 W 0 9  473.9 482,b 66.2 267,2 39.5 
175.3 2.9 372.5 29.6 1.1 61.0 398,7 473.6 481.9 61.2 267.2 39.5 
179.0 2.9 572.4 29.6 1.1 58,b 3W,9 473.1 481.9 61.3 267.2 39 8 
1r7.4 2,8 372.4 3 . 4  1,O 64.9 398,7 472.7 482.6 61.3 267,2 40.1 
175.3 2.8 372.4 29,8 0 , 6  59.1 411,i 475,7 483.4 60.2 267.7 41.3 
176.2 2 .9  372.3 29.6 1.1 59.4 339.9 474,8 481.1 61,2 267.2 a,? 
174,b 2.8 372.3 29.3 t.1 59.2 SW,1 473.8 402.6 60,2 267.2 39,7 

175.3 2.9 372.7 29,3 8 . 0  60.1 398.7 475.4 484.1 60.3 267.2 41.1 

176,8 2.9 372,s 29.5 4.1 59.i 3V,4 473.9 482.5 60.2 267.2 39.9 

MRMX hE4lLUTE U#E M DEVIATION: 

1,54 1 .04  8.12 0,31 4 .86  0.78 0.67 1.87 C.63 0 , 0 4  0.i 0 - 5  
b e #  3 Celt 4 

Nwltbtr a t  data sets far d u c h  the dewlation 
exceeds 3X the average deviation: 1 

Q-16 



RUN NUMFER 

14.4 -0,i 224.1 
14.4 -0.L 224.1 
14.4 -0.1 224.1 
14.4 -0,l 224.1 
14.7 -1,i 224.i 
98,7 2.2 327.9 

28,s 1.3 241.4 

0 DATA S.YT # 104 STARTING F I L E #  117 
STORED I N  F I L E  # 35 

To TZ hM relis arrps freq 12 P2 

1-1 1,B -0.9 -1.4 -1.1 55.1 172.2 14.7 

1,O 1.5 -9 .9  -0.4 - l , i  55.1 171.7 14,7 
1.1 1.6 -1.9 -8.4 -1.1 55.1 171,7 14.7 
I,Q 1.7  - 0 0 9  -8.4 -1.8 55.1 171.7 14.6 

0.1 1 . 8  -1.9 4 . 4  - i s  55.1 171.7 14,7 

e I 54.1 269.4 481.4 3a6.8 60.3 ~ 1 3 ~ 4  isoo 

1.1 1(1,8 42,7 79.7 51.1 55.9 1’18.7 14.1 

AIILRM ABSOLUTE VNUE of DNIATIOW: 

23,41 8.65 29.84 !.74 1.09 15,12 72.57 133.56 85.54 1.47 11.6 1. i  
Line4 6 Col# 4 

Nunber of data sets fmr vhich the deuiation 
exceeds 3X the avertoe deviation; 1 

Q-1 7 



RUN NUMBER 0 DATk SET # 105 STARTING F I L E #  123 
STORED I N  F I L E  # 35 

P i  Hf(crr) T i  Hr(cro) Tv T I  kM velts anpOs f req 72 P 2  

96.4 2.2 326.7 6 . 1  8.0 59.3 266.3 481,i 1 
96.8 2.2 327.7 7,0 0.8 55.8 260,3 479.6 3 
98.; 2.2 328.2 5.8 0 , t  S3,6 2S9.7 481.7 3 
98.5 2.2 328,4 6.2 8 . 0  55,i 2611.3 488,8 3 
181.0 2.2 328.5 6.9 0.0 54.6 268,3 981.7 3 
i8i.6 2.3 328,B 6 .6  8.0 53,1 268,3 479,3 3 
99.8 2.3 329,D 6.4 R , R  55.4 261.3 482.1 3 
99.5 2.2 329.1 6.4 8.1 S1,9 268.3 '21.4 3 

111.1 2,2 328.9 6.4 6 . 0  55.7 261,3 9 8 2 . 0  3 
97.6 2,2 J28,6 6 -1  0.0 54.8 260.3 479.6 3 

16.4 bo.1 213.4 iS.0 
17.1 68.5 213.4 15.0 
17.9 60.2 213,4 15.1 
iS.6 60.2 213.4 i5.i 
16.4 6 0 , 4  213.9 15.1 
15.6 60.4 213.4 14.9 
16.4 68.4 213.4 14,9 
17,l 60.3 213.4 15,O 
17.1 60.3 213.4 f4,9 
14.9 68 .3  213.4 15.0 

AVERAE ABSOLUTE VALE OF DEVIATION: 

1,17 6.02 0.51 8 , 2 8  0 . 0 0  1,32 0,li 8.69 0.11 0 , i  0 , O  
Line# 1 C b l #  3 
Line# 3 Col# 7 

Nwber of data sets for uhich the deviation 
exceeds 3X the averaae deoiaiion: 2 
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RlJN NUMBER 0 DATA SET # 109 STARTING FILE$ 136 
STORED IN F I L E  # 39 

112,s 2,3 329,O 11.7 I , !  81,2 426,2 491.5 496,9 61.S 213.9 15.2 
!81.9 2,3 329.8 i l . 0  0 . 0  76.7 4?6,8 49iI,4 4W.6 61.6 213,9 15.1 
181.3 2.i 330.1 10.0 0 , O  75.5 426,8 491.8 498,4 61.6 213.9 15.2 
108,4 2.4 330,2 10 , I  6.0 78.5 426,2 489.2 497.6 61.6 213.9 15.2 
103.8 2.3 3 3 0 ~  18.8 0 . 0  77.6 4 8 . 6  m.2 497.6  be^ 2 1 3 ~  15.2 
im 2.3 338.8 9.4 0 . 0  71.4 427-4 49i.8 498.4 60.6 zi3.9 15.1 
103,4 2.3 331.1 10,l 0 . 0  74.9 426,E 491.2 498.4 60,6 213.9 15.2 
113.5 2.3 331.2 9.9 I,O 73,2 425.0 490.9 497.6 60,6 213.9 15.2 
185.1 2 . 3  331.2 iQ.7 1.0 76.6 425.0 409.7 4W06 61.6 213,9 15.2 
101.6 2,3 331,6 11,2 0,O 79.5 426,8 488.9 496.9 60,s 213,9 15.2 

AMRAGE VALE: 

182.9 2.3 330.5 10.3 1, B  76.5 426,2 490,7 491,7 6 0 , b  213,9 15,2 

1.35 1,13 0 . 5 8  0.42 6,lO 2,21 0.61  1,16 0.41 0.06 8 . 0  6 , O  
Line# 4 Cel# 2 

Number of data sets for Jl ich the deviation 
exceeds 3X the average d t r i a t i e n :  1 

0-1 9 



RUN NlJMBER 0 DATA SET t 112 STARTING F I L E #  148 
STORC'D IN FILE # 42 

137,7 2,1 352.7 6.2 0 . 0  3 6 . 0  271.i 488.6 313,9 61,3 213.4 1S.i 
141,8 2.2 353.0 6.7 0.1 33.2 270,S 486.2 313,9 66.4 213.4 15.0 
137.7 2,2 553.0 5.8 0.6 32,s 270,s 987,7 313,9 60.3 213.4 150 
148.2 2 . 1  m8e 7.3 1.0 33,4 ni,i 4 8 7 ~  313.9 69,s 213.4 is.0 
138,3 2.1 353,l 7.7 0.1 34.9 269.9 485.9 313,9 60.4 213.4 1s-1 
130.3 2.1 353,i 7,3  1.1 34,9 276.5 4&,9 313. i  66.3 213.9 1S.O 
i37,4 2.1 353.1 7.8 0 . 0  5 5 . 0  271,s W , 3  313,9 6C.4 213.4 55.0 
139,s 2.1 3S3,8 5.7 b . 0  52.9 269,9 486,? 313.1 60.2 213.4 iS.0 
137,7 2,1 352,9 6.6 1.6 33.8 270.5 489.2 313.9 60.3 213.4 iS.0 
137,7 2 .1  352.9 5.3 0 . 0  3 4 # 7  2 M t 1  485.9 312,4 60.2 213,4 1S00 

138.5 2 , i  353.1 6.? 0 . 0  34.1 270,3 487,l 313,6 60.3 213.5 iS.0 

AVERAGE ABSOLUTE VEw.LE OF DEUIATION: 

Nmber OC data sets for uhich the dewlation 
exceeds 3X the averaoe deviat ion:  3 
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RUN WJMPER 0 D A T A  SET # iiS STCIRTINE FILE#  ibO 
STORED I N  F I L E  # 45 

1 3 , b  2,3 354.1 14.4 1.1 5 2 , 4  511,7 4 

139,8 2.4 354,1 i4,O 0 , )  EBB 504,7 S 
141.2 2 ,4  354,j 12.7 1.0 51.4 594,1 S 
139.5 2,3 354.1 13.2 0 . 0  52,4 505.3 5 
138.0 2 3 354.1 13.4 1.1 49.5 585,3 5 
138,b 2,3 354.1 14,2 0.1 51.0 504.1 S 
1 B 8 9  2.4 354.1 13.0 0.B 58,9 9 5 . 3  5 

139.2 2.3 354,1 13.2 0,O 53.7 514.1 S 

~ . I I  2.3 3 5 4 ~  1 3 ~  o , a  52,1 503.5 s 

130 ,~  2.3 354.0 14.4 o , a  51.4 504.7 s 

'9.6 W,1 
12.0 91.1 
10.5 9 0 , 4  
11.5 %9,6 
I3.e 91.1 
12,3 91,1 
10,2 568.9 
l1,7 9 0 . 4  
12.9 530.4 
10,2 569.6 

68.1 
61,1 
60.1 
59.9 

6f . i  
61.4 
59.9 
60.1 
60,i 

6e.o 

213,9 
213 I 9 
214,4 
213,F 
214.4 
214.4 
214.4 
214.4 
214 I 4 
213.9 

15.4 
15.4 
15,2 
15.3 
15.4 
15.5 
15.3 
153 
15,3 
15,5 

i38,9 2,3 354.1 13,6 0 , O  51,6 W , 3  S11,4 571.1 61,Q 214,2 15,4 

ilrcrber of data sets ftr vhich the deviation 
exceeds 3X ?he awraae deriatitn: 1 

0-21 


